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ABSTRACT 
A survey of electrophysiologlcal literature points out the need 
for clinical standards and norms as a prerequisite to the incorporation 
of the ERG and EOG into the clinical optometric setting. itormaltive 
values for EOG and ERG measurements were computed using twenty-six 
clinically normal subjects. Age was shown to be negatively correlated 
with the Arden Index. The factors of sex. refractive error� and state 
of pupillary dilation did not significantly influence EOG or ERG 
findings. The dark adapted b-wave amplitude of the ERG was not signifi­
cantly correlated with age. Once age is considered. ERG and EOG 
measurements can be made clinically with or without pupi·llary dilation, 
and these measurements can be used to evaluate the functional state of 
the retina from the retinal pigment epithelium layer to the inner 
nuclear layer. 
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INTRODUCTION 
The optometric profession diagnoses and treats conditions of the human 
visual system. Recent expansion of the scope of optometry to include th� use 
of diagnostic pharmaceutical agents has placed increased responsibilities on 
the optometrist in detection and diagnosis�. of ocul_ar and systemic pathol ogy . 
Thus the electroretinogram aMd the �1ectro�oc�1ogra�, �itl1 th�ir ab il lty · to 
determine the functional state of the ret i na from the retinal pigment 
epithelium to the inner nuclear layer, are gaining increased accecptance in 
clini cal optome try . 
It is important to realize the significance· in placing electrodl�gnostic 
tools such as the electroretinogram and th� electro-oculogram in the realm of 
clinical optometry. In the evaluation of conditions of the visual system, 
the clinica l optometrist must o ften decide vJhere in the visual system the 
problem is located as a prerequis i te for d i agn os i s . prognosis, therapy, or 
re ferral . The basic components of the visual system which the optometrist 
needs to evaluate include an optical component, a retinal component, and a 
higher visual pathway component. Until .recent development of electrodiagnostic 
techniques for clinical use, s uch as the visually evoked response, the electro­
re tinogram , and the electro-oculegram, the optometr ist has had no direct 
obj ective method for evaluating the retinal and higher visual patlMays of the 
visual system. Ho1t1ever, the ERG and the EOG show promise in direct, objective 
evaluation of the retinal component of the visual system. 
From a clinical standpoint, optometrists should have access to ERG and 
EOG diagnostic information. Although some of the disorders normally detected 
by these two procedures are treated by another discipline, most of these 
patients can benefit substantially from optometric t he rapy in the realm of 
low v i sion , visual rehabilitation, and vision training. Additionally, 
optometrists will have to use an interdisciplinary approach involving mutual 
co-operation with some or all of the follovJing: 1) ophthalmologists, 
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2) general physicians, 3) genetic counselors, 4) psychologists, and 
5) social agencies in order to produce optimal benefits for the patient. 
In order for the electroretinograrn and electro-oculogram to achieve 
undenia�le significance to clinical optometry, many clinical questions must 
be answered satisfactorily. Are the ERG and EOG clinically feasible? On 
what types of patients should ERGs and EOGs be taken? Hhat advantages does 
each technique have clinically? What are the disadvantages of each technique? 
On what types of patients are the ERG and EOG unusable? Can the ERG and EOG 
be performed with and without mydriasis reliably? What do such factors as 
refractive error, sex, pupil size, and age have on the ERG and EOG findings? 
How much variability is inherent vlithin a group of normal subjects? The 
�nswers to these clinically significant questions will be investigated in 
this research. 
THE ELECTRORET I NOGRAM 
History and Background 
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The electroretinogram is a relatively rapid change in retinal potential 
produced in response to changes in retinal illumination. Although the 
resting potential in the eye was first discovered in 1849 by Reymond du 
Bois and the first e l ectroretinogram recorded by Holmgren in 1865 (Karpe, 1966), 
clinical electroretinography has only emerged in the last 30 years with the 
development of modern amp l ification devices and contact lens electrodes. More 
recent advances in hydrophilic contact l enses, expansion of the scope of 
optometry to include diagnostic pharmaceuticals, and increased emphasis on 
patho l ogy detection have given increased significance to electroretinography 
in clinical optometry. Like any other optometric diagnostic technique, the 
potential clinica l value of electroretinography can only be realized through 
a firm understanding of the abilities and limitations of this important 
electrodiagnostic tool. 
As early as 1903, Gotch recognized the electroretinogram as being a 
biphasic response to a single f l ash of l ight. By 1908, Einthoven and Jo l ly 
haJ shown that the electroretinogram is characteristica l ly composed of at least 
three components: 1) the early negative deflection knovm as the a-wave, 2) a 
positive deflection following the a-wave, called the b-wave, and 3) a second 
positive deflection following the b-wave, termed the c-wave. (Fig. 1) Another 
equally important concept imp l ied by Einthoven and Jo l ly was that the individual 
components of the electroretinogram add together in a l inear fashion. (Armington, 
1974) The analysis of components and the identification of the anatomical sources 
of the electroretinogram has been a major interest of visual scientists and 
clinicians for many years and continues even today. 
In a clasic work in electrophyslology, Granit (1947) provided phys io l ogical 
evidence to support Caja l 's histologic�l model of the retina as a 'true nervous 
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0. 5 
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Diagram to illustrate a vertebrate electroretinogram obtained using a pen recorder. 
Note the three waves and their time a nd amplitude relationships. 
Fig. 1-Electroretinography analysis of 
Einthoven and Jolly (GallO\·Jay, 1975) .  
centre.• When ether is. administered to the cat, the three components of 
the ERG disappear consecutively. The first component to disappear, labelled 
� (for process) I, corresponds to the c-wave. The second component to 
disappear, P II, corresponds to the b-wave, while the final component, P I I I, 
corresponds to the a-wave. However, it should be emphasized th�t the a, b, 
and c-waves are component parts of the actual electrical potential curve 
recording, whereas P I, P I I, and P I I I are hypothetical sub-components which 
add algebraically to produce the clinically observed waveform of the ERG. 
Granit.'s (1947) model of the electroretinogram is presented in Fig. 2. 
P I was a slow positive component, first to be abolished under anesthesia, 
and could be restored by removal of the anesthesia. Granit (1947) thought that 
this process was part of an early retinal process, possibly coming from the 
photoreceptors. P I I was abolished by a deeper level of anesthesia and could 
also be restored by removing the anesthetic, although this process was 
particularly susceptible to loss of circulation or asphyxia. Granit (1947) 
proposed that the source of P I I was soMewh�re in the neural pathway between 
the receptors and the ganglion cells-probably the bipolar cells. P I I I was the 
last process to be abolished by anesthesia and once abolished, the retina is 
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FmuRE 33. Analysis of the E-electroretinogram at two intensi­
ties. Upper: 14 ml., lower: 0.14 ml., as in Fig. 27. The a -wave 
has been broadened slightly out of proportion to demonstrate 
its derivation more clearly. (Granit, 1933, J. Physiol., 77) 
Fig. 2-Grartit1s analysis showing P 1 .  P I•, and P Ill 
(Grani t. 1947) 
generally incapable of recovering. This negative process had a very short 
latency indicating a sou rce early in the course of retinal activity, probably 
in the photoreceptors. (Granit. 1947) A summary of Granit1s�mode1 of the 
three processes is presented in Fig� 3. 
Process 
Property 
PI PII PIII 
Latent time . . . . ... Long �fodimn Short 
Polarity ............. 1. Positive 
Elcctroretinogn1111 wave 
Negative Positive 
accounted for . . . . . . .. c-wave b-wave a-·ancl d-waves 
Effect on nerve impulses "Sensitizes" PII Excitatory Inhibitory 
Hesnlt of light adaptation Not much cl1ai1ge Greatly reduced Usually abolished 
Probable site of origin .. � Bipolar cells? Hod and �one cells 
Effect of asphyxia . . . .. ;..foderntely sns- Very susceptible Highly resistant 
Effect of etl1cr 
l ntensity of light to stirn-
ceptible 
•Abolisl1e<l first 
( reversihle) 
11 late . . . . . . . . .  High 
Effect of alcohol . . _ ? 
Effect of adrenalin Enhances and 
prolongs 
Effect of KCl . . . None 
I 
Abolished second Abolished last 
(reversible) (irreversible) 
Low 
Enhances 
Diminishes and 
prolongs 
Aholisl1es 
High 
Diminishes 
? 
Enhnnces, then 
i11hibits 
Fig. 8. Summary of characteristics of PT, P II and P III of Cranit, as prep,nred by 
Higgs. 
Fig. 3-Granit1s summary of P I• P , & P  Ill (Jacobson, 1961) 
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Although Granit's assumptions regarding the components o f  the ERG weren't 
en ti re l y  accura te, Granit 1 s  concep t o f  three independent processes adding 
algebraically to produce the complex ERG waveform is a cornerstone for our 
current understanding o f  the ERG as wel l as serving as an inspi ration for 
additiona l research in the areas of anatomical sources of ERG components 
and component analysis. 
In 1 945, Noell ( 1 945) showed tha t by selec tive l y dest roy ing the ret i na l 
pigmen t ep i the l ium using sodium ioda te the c-wave cou l d also be sel ec tive l y  
abo l ished . This discovery l ea d  to the con c l us i on tha t the retinal pigment 
epithel ium is the most likely sou rce for the c-wave. 
In a series of monumental electrophysiological experiments, Brown (1 968) 
and his co-workers were able to isolate local ERGs (LERG) f rom small (0.75- 1 .5 
mm diameter ) retinal areas surrounding a chlorided silver electrode which was 
placed in the vitreous of the cynomolgus �onkey. By con t rol ] ing the depth 
of the electrode penetratjon, it was dis covered tha t the maximum amp! i tude 
for both a and c-waves were recorded c l ose to the retinal side o f  the 
retinal pigment epi the l ium. Hov1ever, the maximum amplitude of the b-wave 
occurred in the re�ion of the inner nuc l ea r l aye r . !\summary of Brovm1s (1961 )  
LERG experiments is presented in fiq. 4. 
The ou ter segmen ts of the photoreceptors were stated to be the mos t 
likely source o f  the a-wave, since the a�wave cannot o rigina te from the ret i na l  
pigmen t ep i the l i um as the a-wave can be reco r ded f rom an isola ted ret i na .  
( Brindley, 1 956) Brown ( 1 968) demonstrated that the retinal c i rculation 
could be c u t  off by applying pressu�e to the central retinal artery without 
i nterfering with the choroida l circulation. The choro i dal ci rcu l a tion ma i n­
tains the photoreceptors, but the othe r retinal cells are dependent on the 
central ret i na l  circu l a tion. Thus the b-wave is abol ished a n d  the a-wave can 
be isolated, g i v i ng add i tiona l support to the conclusion tha t the a-wave is 
g�nerated by the photoreceptors . 
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Amplitudes of a-, b-, and c-waves plotted as a function of depth of a micropipette 
electrode during a single penetration of the cat's peripl1eral retina. The penetration was 
approximately perpendicular, and at a measured depth of 195,u the electrode was against 
the retinal side of the pigment epithelium. Reference electrode in the vitreous humor. The 
stimulus spot was 3·0 mm in dia., �ntcred upon the electrode, .and provided a retinal 
illumination of 71 lumen/m2. The stimulus had a duration of 50 msec and was repeated every 
5 sec. From BROWN and W1ESEI.. (1961 b). 
Fig. 4-Brown and Hiese11s microelectrode experimental 
results (Brown and \1iesel, 196 1) 
Although the cellular orgins of the a and c-waves are well documented, 
the cellul�r origin of the b-wave which is generated near the inner nuclear 
layer has been much more elusive, Miller and Dovming (1970) indicate that 
the Muller:cells are the most likely source of the b-wave although the 
evidence is not entirely conclusive. 
Several other so called minor components of the ERri deserve mention. 
A very rapid biphasic component produced Immediately after a high intensity 
stimulus was discovered by Brown and Murakami ( 1964) . This early receptor 
potential consists of a small positive component followed by a larger negative 
component and is presumed to be due to the trans-els isomerization of visual 
pigment molecules in the photoreceptors. ( Brown, 1976) As the early receptor 
potential has an extremely short latency and requires a high intensity 
stimulus, it is difficult to isolate from a photoelectric artifact unless 
sophisticated electrical shielding is .1sed. Compared to the other components 
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of the ERG, the early receptor potential is resistant to anoxiai most chemicals 
and disease. Th� �arly receptor potential has been useful in the study of the 
photochemistry of visual pigments. Due to the techhlc�l difficulty in eliciting 
the early receptor potential and the discomfort produced for the patient by the 
very intense flash, the early receptor pote�tlal is generally not recorded 
routinely in the clinic. 
More recent 1·esearch has shown that the b-wave is considerably more 
. 
complex than Granit's P l l. Brown and \Jiesel (1961) identified an· independent 
d-c potential which could be isolated from the b-wave .by using 1011 intensity 
flashes or by abolishing the b-wave with locally applied xylocaine. The 
source of this d-c potential is still unknown although it is thought to be 
located in the inner nuclear layer. Brovm's analysis of the ERG including 
the d-c potential is included in Fig. 5. 
By using flas hes of even greater intensity, several positive deflections 
on the ascending b-wave can be produced. These oscillatory potentials are 
very sensitive to changes in retinal circulation. The source of these 
oscillatory potentials seem to be located in the inner nuclear layer, 
possibly from the amacrine cells. (Algvere and Westbeck, 1972) 
In 1942, Motokawa and Mita (Galloway, 1?75) discovered that the b-wave 
consisted of two waves-a pointed 11x11 wave followed by a more rounded b-wave 
proper. Adrian (1945) showed that the x \<lave was actually due to the cone 
system and the b-wave proper was due to the rod system. Armington, Johnson, 
and Riggs (1952) showed a similar splitting of the a-wave. It must be 
kept in mind that the human retina is a duplex organ consisting of rods for 
night vision and cone� for day vision. This dual organ concept is illustrated 
dramatica l ly in the electroretinogram a� rods and cones contribute the�� 
signals independently to the ERG. The response of each.of the systems can 
and should be clearly separated for �linical measurements of the ERG. This 
can be accomplished clinically by utilizing the marked differences in wavelength 
� 
:J 
:J 
E 
Predominantly + 
rod ERG 
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Remnant negativity 
l 
uJ d-c component 
E 
+� (!) 
bwo"_f\ ____ _ 
-------------------------------
Pure cone ERG d 
Cone lute
. 
receptc;;:°\ I potential . \ .... ------· 
!· 
d-c component 
FIG. 4-7. Brown 's analysis of the d-wa1ve (off-response), showing how this compo­
nen t muy rejfoct interaction between two decaying earlier components, the a-wave 
(the Jnte receptor potenliol) and d-c potential of !heh-wove. Whether the d-wove 
will be negative or positive depends upon the duration of the a-wove and upon 
when it returns to the base line in. relation to the c-wove. (After Brown, K. T. 
Vision Res. 8:633, 1968.) 
Fig. S-Brown1s analysis of the ERG showing the d-c component 
(Brown, 1968) 
sensitivity of the rod and the cone systems. Two lights from the extremes 
of the visual spectrum are obtained using a short wavelength (blue) and 
a l ong wavelength (red) filter. Addit1onal neutral density filters are 
added in order to obtain a subjective match in a normal individual under 
fully dark adapted conditions. Thus under dark adapted conditions, the ERG 
is the same with the blue and the red filters as the filters are scotopically 
balanced for the rod system. However with increasing background brightness, 
the ERG response to the blue filtered 1 ight stimulus decreases and eventually 
disappears. The ERG response also diminishes in the presence of the red filter 
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as the human retina contains only 6 mi llion cones compared to 1 20 million 
rods. However as background illum i nation is increased, eventually a pure 
cone ERG is obtained. (Fig. 6) 
.06 
.16 
(�\ ( \ 
j \ 
. I 
.5 � .8  
J_O 
Fi�. 4. Electroretinograms ohtained with a short 
wa\'l·length (blue) stimulus (left) and a long 
wa 1elength (reddish-orange) stimulus (right) 
in the dark-adapted state (a hove)· and in the 
presence of increasing amounts of a steatly white 
adapting light. The stimuli ar'- vrpial for rod 
\'ision. Two or three responses t<1 the same stim­
ulus are superimposed. The numbers on the left 
indicate the l11minance of the adapting light in 
millilamlierts. Stimulus onset is shown bv the 
vertical hatched lines. Corneal positivity i.s up­
wards. For a calibration of ·voltage and time see 
Fig. 9. 
Fig. 6-ERGs obtained with blue and 
red filtered stimuli under inc reasing 
levels of light adaptation (Gouras, 1 970) 
Using this method i t  is therefore possible to clearly iso late the rod 
components and the cone components of the ERG. This information gains 
considerable significance in the differential diagnosis of retinal 
abnormalities which speclfic�lly affect either the rod or the cone system 
of the retina. 
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The final componen t of the ERG is the d-wave or off effec t, so called 
because it is due to the turning off of the ligh t stimulus. With a weak 
sti�u�us, the d-wave is a negative wave, but wi th high s timulus levels, the 
wave becomes positive. The d-wave only becomes visible wi th stimuli of longer 
dura tion than generally employed, and the d-wave is seldom used clinically. 
Al though labora tory research was unravelling the physiological origins 
of the elec trore tinogram, the development of human elec trore tinography as 
a clinical tool was hampered by technical difficulties in the ac tive or 
pick-up elec trode _until 1941 v1hen Riqgs ( Jacobson, 1961) conceived of imbedding 
the p1ck-up electrode in a scleral contac t lens to produce the firs t 
clinically useful. ERG electrode. 
In a historic monograph, Karpe (1945) demons trated the clinical use of 
human elec troretinography in 83 pa tien ts wi th various ocular anomalies. Aside 
from proving the clinical value of the ERGf Karpe con tributed the extremely 
impor tan t concep t of es tablishing a par ticular set of examina tion conditions 
and used these conditions to se t-up clinical norms. I t  canno t be overemphasized 
that the variabili ty inheren t in the s timulus• condi tions and in the pa tient 
make i t  essen tlal tha t clinical norms be established and any deviations from 
the norm be considered on a sta tistical basis. 
Factors Influencing Clincal Measurements 
I t  is readily apparen t tha t elec trodiagnostic measuremen ts including 
electrore tinography vary markedly from clinic to clinic. Curren tly there are 
no universal s tandards for the measurement of the human electroretlnogram 
as it is fel t tha t impositions of rigid s tandards on this relatively new clinical 
tool may inhibi t experimentation. However. this lack of s tandards from clinic 
to clinic makes i t  even more impera tive tha t measuremen ts within an individual 
clinic be consis tent. 
- 1 2-
As in most other clinical techniques, the factors inf luencing the clinical 
ERG fall into two categories-that of stimulus variabilities and that of 
variability inherent within th� patient. In order for the ERG to assume a role 
as a clinical technique, these variability f actors must be considered. 
Under the category of stimulus characteristics which influence:the 
clinical ERG meas�rements are: 1) intensity, 2) duration, 3) wavelength 
composition, 4) area of the retina illuminat�d, 5) location of the area 
Illuminated, 6)  rate of presentatlon, and 7) position and type of electrode. 
With a relatively dim stimulus, only a b-�ave is recorded. With increasing 
intensity of the stimulus the amplitude of the b-wave increases in a manner 
rougbly proportional to the log of the stimulus intensity (at least for 
intermediate stimulus i�tensities) . As the b-wave increases, so does the 
a-wave amplitude. However, the a-1..Jave amplitude continues to increase 
proportionally to the log of the stimulus intensity even after the b-wave 
amplitude increases have begun to level off. Thus the clinic1an must 
realize if the amplitude is taken f rom the peak of the a-wave to the peak of 
the b-wave, that changes in both the a-wave and the b-wave are being measured. 
Thus information is lost as it is impossible to separate cha�ges in peak to 
peak arnp 1 i tudes vJh i ch a re caused by a-wave amp 1 i tude changes f rom those caused 
by b-wave amplitude changes. It is also helpful to use stimuli which are 
presented in log steps if different intensity stimuli are employed due to the· 
log relationship between stimulus intensity and a and b-wave amplitudes. 
As stimulus intensity is increased above �00 or 500 microvolts, the 
b-wave reaches a maximum value and the oscillatory potential becomes visible. 
(Fig . 7) Since the oscillatory potential is·only elicited by intense stimuli 
and is more pronounced in animals with cone-dominant retinas, it is thought 
that these potentials are somehow related to the photopic b-wave. (Jacobson, 
Hirose, and Popkin, 1966) 
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Figure 7.12. The effect of increasing the stimulus intensity to higher levels on the response 
Reproduced from Yonemura et al ( 1961) A eta Ophthalmolog1ca, 70, 118, Figure 4, with 
perm1ss1on. 
Fig. 7-The emergence of the oscillatory potential 
with increasing stimulus intensities (Galloway, 1975) 
As stimulus intensity is increased even more, the early receptor 
potential appears in-front of the a-wave. In addition to increased a and 
b-wave amplitudes, more intense stimuli also cause a decrease in the time 
from stimulus onset to the peak of the wave being considered (�mp11tit time}. 
Clinically, a brief flash of less than 20 milliseconds is used so that 
the flash doesn't interfere with the ERG waveform. Although stimuli of a 
duration of less than 30 milliseconds for the light adapted eye and less than 
100 milliseconds for the dark adapted eye will cause a diminished amplitude, 
this loss of amplitude is compensated-for by the high intensity stimuli produced 
by a xenon stroboscope or photoflash. However, these short, intense stimuli 
do have the tendency to suppress scotopic function and emphasize the photopic 
element. (Riggs, 1959) 
As indicated eariler, the wavelength of the stimulus can be used to help 
isolate the rod and cone systems. A wl1ite stimulus elicits a dual response 
from the retina which is observed in 1.1,e ERG as a double positive component in 
the b-wave. The first positive component is enhanced by red stimuli presented 
in the light adapted eye (Motokawa and Mita, 1942), while the second component 
is most prominent with a blue stimuli presented to the dark adapted eye. Thus 
it was concluded that the early component was due to the cone system (photopic 
b-wave}, and the latter component was due to the rod system (scotopic b-wave). 
Armington, Johnson, and Riggs (1952) demonstrated the existence of similar 
photopic and scotopic elements of the a-wave& although acceptance of this result 
is not held universally. Clinical investigations of patients with �ure rod 
or pure cone disorders have also supported this photopic and scotopic component 
concept of the'human electroretinogram. 
It would be clinically advantageous to be able to record electroretinograms 
from discrete portions of the retina if desired. Hov1ever it is very difficult 
to obtain discrete ERGs, �s Boynton and Riggs (195 1 )  demonstrated that it was 
possible to record excellent ERGs in response to light stimuli focused on the 
optic disc. Thus limiting a stimulus to a particular retinal area doesn't 
indicate that the ERG recorded is from only the area stimulated due to 
scatter i ng of the light stimulus. However bf' using rapid flashes (150/min),, 
red filters, and computer averaging techn!ques� it is possible to produce a 
predominantly foveal electroretinogram. (Arden and Bankes. 1966). Although 
the foveal ERG can be used to detect macular degeneration, its value in 
patients with media opacities has not been proven. 
Although it has been shov.,rn that a retinal area of 20 square millimeters 
or more will produce a maximal ERG (Wirth and Zetterstrom, 1954), it is 
necessary to illuminate the retina evenly so that the ERG will represent the 
sum of relatively similar responses from the mi I lions of retinal cells 
stimulated. By using a ganzfeld in the presentation of the light stimulus, 
a direct homogeneous stimulation of most of the retina can be achieved. 
Although the a-wave is produced mainly by direct stimulation, the b-wave is 
associated with neural convergence and includes both direct and indirect 
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elements. The i ndirect elements of the b-wave are due to light spread from 
d i rectly stimulated areas to surround i ng areas by way of hor i zontal connections 
i n  the ret i na such as those occurring i n  bipolar cells. Thus the ganzfeld 
al lows the neural convergence to be bypassed, the a-11ave to be recorded at 
relatively lower i ntens i t i es, and more precise correlat i on w i th pyschophysical 
measurements. (Kr i 11, 1972) 
In addition to us i ng the prev i ously mentioned blue and red filters, 
rod and cone responses can also be separated by using rapidly repeating 
stimuli or flashes. As the flicker fus i on frequency i s  not the same for 
the photopic and scotopic systems, the cone response can be isolated by 
us i ng stimulus presentation rates greater than 20 flashes per second. (Sokol 
and R i ggs, 1971) The ability to separate rod and cone systems is advantageous 
in d i agnos i ng cond i t i ons of the ret i na which preferentially affect either 
the rod or the cone system. 
The ret i na 1 potent I.al ampl i tude i s  maxi ma l \'then recorded from the cornea 
and the typical negative a-wave and positive b and c-waves are recorded 
when the act i ve electrode i s  on the cornea. ERG responses recorded w i th 
various commonly used contact lens electrodes are not s i gnif i cantly different. 
(Galloway, 1975) Typ i cal placements of the indifferent electrodes i nclude 
the ear lobes, mastoid process, or the forehead and cho i ce of these placements 
i s  not critical although the placement should be cons i stant. 
Usually, the contact lens i s  coated w i th a cushioning solut i on such as 
methylcellulose to decrease corneal trauma due to the movement of the eye 
under the sc 1 eral contact lens electrode • .  Typically, a local anesthetic i s  
used to al 10\'1 patient tolerance of the contact lens electrode, however the 
local anesthetic combined w i th the electrode tend to produce sl i ght to 
moderate amounts of corneal stain i ng i n  nearly all patients. (Zisman, 1974) 
Hrn"'ever, the use of a hydroph i lic contact lens such as a Bauch and Lomb 
Soflens under the standard contact lens electrode protects the cornea from 
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excessive trauma without noticeable loss of amplitude or waveform detail. 
( Dawson, Houde, and Zimmerman, 19]1i) The soft lens technique,is especially 
valuable for patients with sensitivity to local anesthetics, diabetic 
patients, patients with active corneal disease, patients who have recently 
undergone corneal surgery, and for ERG procedures requiring longer than 
about 30 minutes. The recent development of an aluminized myla.r ERG 
electrode by Chase enables clinical ERG measurements to be performed 
without electrodes contacting the cornea. ( Lee, 1976) Thus we have at 
le�st two clinical methods which can be us�d to record electroretinograms 
without local anesthetics and \·Jith a minimum of trauma to the cornea. 
The second major category which influence electroretinographic 
measurements is that of patient variability, and these factors include: 
1) levels of adaptation, 2) pupil size, 3) diurnal rhythm, 4) axial length, 
and 5) age. As stated earlier, light adaptation favors the photopic 
components of the ERG, while dark adaptation favors scotopic components. 
During dark adaptation, the scotopic b-wave increases in amplitude. However 
during light adaptation there is a decrease in implici� time. It should 
therefore be emphasized that the normal retina is capable of marked changes 
in both amplitude and implicit time of the ERG components during normal 
visual adaptation. Since we rely heavily on the observations of ERG 
amplitude and implicit time to differentiate between normal and pathological 
states. the levels of adaption of the patient obviously must be closely 
controlled if clinically meaningful results are to be obtained. Although a 
slightly higher stimulus intensity is required to achieve a maximal amplitude 
of the b-wave with an undllated pupil, pupil size is not critical if high 
intensity flashes are used as the ERG response occurs before the undilated 
pupi 1 has time to react. However. pupil size does influence the amplitude 
of the a-wave and the duration of the o and b-waves. (G al lowayt 1975). Thus, 
mydriasis is standardly performed as part of the ERG procedure in many 
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e l e c t rod i agnos t i c  c l i n i cs .  
The amp l i t ude of t he E RG can va ry con s i de rab l y  f rom day to day 
or mon t h  t o  mon t h . i n  a no rma l i n d i v i d ua l . Howeve r ,  n o  con c l us i ve 
re l a t i on s h i p  b e t�een ERG amp l i t ude a n d  b i o l og i ca l  r h y t hms h a s  been d emon -
s t ra t e d . ( Ga l i ov1ay , 1 9 75 )  The amp l i t ude o f  t h e  b -v1ave seems to be i n ve r s e l y 
re l a te d  to a x i a l  l en g t h , t h us t hose b i o l og i ca l  f a c to rs 1·1h i ch con t r i b u te t o  
a x i a l  l e n g t h  c a n  b e  e xpec t e d  t o  i n f l uence ERG amp l i t udes . On a popu l a t i on 
b a s i s ,  myopes h a ve a ten de n cy for  d e c reased b -wave amp l i t ud e , even t hough 
t h e re i s  no e v i d e n ce for r e t i n a l  degene r a t i on i n  the popu l a t i on e va l ua t e d . 
( Kr i  1 1 ,  1 9 7 2 )  A l s o ma l e s t e n d  to h a ve l owe r b ·wave amp ! i t u des t h a n  fema l es .  
S i n ce myopes h ave a t e n de n cy for a x i a l  l en g t h s  g re a t e r t h a n  t hose of 
emme t ropes a n d  hype ropes on a s t a t i s t i ca l  b as i s ,  and ma l es have l onge r 
axi a l  l en g th s  t h a n  fema l e s (on a popu l a t i on ba s i s ) . l t  i s  p re s ume d  t h a t  
l onge r a x i a l  l en g t h s  t e n d  to p roduce decreased b·wave amp l i t ud e s . 
As i n  o t h e r  phys i o l og i ca l  a re a s , age h a s  a n o t i ceab l e  e f fe c t  on 
e l ec t ro re t i nog r aph i c  f i n d i ng s . Z e t t e r s t rom ( 1 9 7 0 )  h a s  s hovm t h a t  a l t hough 
a - and b -waves a re v i s i b l e  w i t h i n r4 hou r s  a f te r b i r t h , no rma l a d u l t ERG s 
a rc n o t  obt a i n e d  un t i l tv.io yea r s of age . Th i s  obs e rva t i on i s  i n  con f l i c t 
w i t h  v i s ua l l y  evoked res pon s e  re s u l t s  wt1 i ch i n d i ca t e  t h a t  t h e  h uman v i s ua l  
s y s tem has  reached a d u l t  poten t i a l by s i x  mon t h s  of age (Ma rg , r97G ) . A 
d e c re a s e  i n  b -wave amp l i t ud e  i s  d e tectab l e  i n  n o rma l p a t i e n t s  ove r 50 yea rs 
o f  age ( l�r l 1 1 ,  1 9 7 2 ) . S i n ce many r e t i n a l  d i s e a s es t e n d  t o  have h i g h e r  
in c i denccs i n  t h e  aged popu 1 a t  i on no rma 1 t i  v e  d a t a  f rom o l d e r  a g e  g roup s i s  
q u i t e  i mpo r t a n t  i n  e va l ua t i ng t h e  f u n c t i on a l i n t ac t n e s s  o f  the  r e t i n a i n  
o l de r  p a t i en t s . 
C l i n i ca l  App l i ca t i on s  
I 
The ab i l l ty to meas u re a n d  l n te r r re t  c l i n i ca l  ERG reco r d i ng s  i s  
ob v i ous l y  i mpo r t a n t  to t h e  c l i n i c i an .  The b a s i c  compon e n t s  n e ce s s a ry for 
'e l i c l t i ng ·  c l i n i ca l  ERGs  i n c l ude : 1 )  a s u i ta b l e  1 i gh t  s o u r ce for s t i mu l a t i n g 
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t h e  re t i na ,  2) e l e c t rode s  t o  t ra n sduce b i o l og i ca l pot e n t i a l s i n t o  vo l t a g es 
wh i ch c a n  be p i cked - u p  e l e c t ron i ca l l y .  3) an a mp l i f i e r  t o  i so l a te the  des i red 
s i gna l f rom no i se ,  4) a d ev i ce t o  p rote c t  t h e  pa t i e n t  f rom cur ren t s o u r c e s  
( u pcom i n� f e d e ra l reg u l at ion s m a y  ma ke t h i s a r eq u i rement fo r a l l e l ec t ro­
p h y s i o l og i ca l  p ro c e d u re s done on h uma n s ) , 5 )  a reco rd i n g dev i ce such a s  an 
os c i l l os co�e p te f e rab l y  w i t h  a t t a c hmen t s  f o r  photog raph i ng o s c i l l os cope 
t ra c i n g s . 
A l t ho u g h  s pe c i f i c E RG tec h n i q ues w i l l  va ry de pen d i n g on t h e  c l i n i c , t h e 
pa t i e n t , a n d  the s u s pe c t e d  d i s ea s e  e n t i ty ,  t h e  basic E RG r:ia rame t e r s  mea s u re d  
c l i n i ca l l y  a re t h e  amp l i t ud e s  and i m p l i c i t t i me s  of t h e a and b -wa v� u n d e r 
bo t h  pho top i c  ( red f i l te r ) and s cop t op i c ( b l ue  f i l te r )  con d i t i on s . T h e  E R G s  
me a s ured under these cond i t i on s  p rov i de d e f i n i t i ve i n fo rma t i on a bo u t  the 
f u n c t i on a l s t s te o f  t h e  re t i n a f rom t he r� t i na l  p i gmen t e p i t he l i um to t he 
i n n e r  n uc l ea r  l a y e r of t h e  re t i n a fo r bo t h t h e  rod a n d  t h e  cone s y s tem . T h e  
g a n g l i on ce l l s  a n d  the  o p t i c  n e rve f i be r  l ay e r  do n o t  con t r i b u t e  to  t he E Rr1 
a n d  t h us a n oma l i e s  a ffec t i ng on l y  t hes e component s  o f  the v i s ua l  s y s t em , s uch 
a s  g l a ucoma o r  o p t i c  a t rophy are · n ot �xpectcid , to •  i n f l uence t he ERG . 
U n d o�_t ;:.ip l y  t h e  mo s t  s i g n i f i ca n t  a d va n t a g e  o f  t h e  E RG i n  c l i n i c a l v1o r k  i s  1� 
i t s a b i l i ty to d e t e c t  a n d  e va l ua t e di sea s e s  o f  t h e  r e t i n a i n  t h e  p r e s e n c e  of  
med i a  o pa c i t i e s . /\noma l i c s o f  t h e  med i a ,  s uc h  a s  ca ta ra c t s , s i mp l y a c t  a s  a 
f i l t e r  i n  f ro n t  o f  the re t i na ,  s l 1 i f t i n g t h e  E RG r e s p o n s e  i n  t he d i rec t i on Df 
dec rea s e d  i n t ens i t y . Howeve r ,  a noma l i e s  wh i c h dama g e  ro r t i o n s o f  t h e  re t i na 
d rama t i ca l l y  a l t e r t h e  re l a t i on s h i p  o f  ERG amp l i t ud e  a nd i mp l i c i t  t i me  to 
t he s t i mu l u s i n tens i ty .  (F i g .  8) T h us t he ERG ca n s e rve to c l i n i ca l l y 
d i f fe ren i a te  a noma l i es o f  t he med i a . f rom pa t ho l og i e s o f  t h e  re t i na . 
F u r t he rmore ,  the  E RG amp l i t ude a n d i mp l i c i t t i me c a n  be use d t o  
d i f f e ren i a te a n d  c l a s s i fy va r i o u s  t y p e s  of r� t i na l a bn o rma l i t i es .  A we l l  
de f i n ed re t i na l  l es i on such a s  a l a r g e  cho r i o re t i na l  s c ar causes a dec rea s e  
i n  amp l i t u d e , but h a s  l i t t l e e f f e c t o n  t he i mp l i c i t t i me of t h e  E RG . However 
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Fig. 3 .  The relationship:; ( continuous lines ) be­
tween the latencv to the peak of the b-wavc 
of the E RG ( ordinate a\iove ) , the amplitude, 
mcasmed from the peak of the a-wave to the 
pe<tk of the b-wa\'e ( ordinate below ) ,  ancl the 
logarithm of the i n tensity of white liRhl stimula­
tion in relative units ( abscissas ) for normal clark­
ad.ipted subjects. The doi-dash l ines indicate 
hypothetically the d irection in which the rcla­
t innships of subjects with retinopathies ( do t )  and 
opacities of the .d ioptric mec\i,1, such as cataracts 
( dot-dash ) ,  tend to go. 
F i g. 8 - Re l a t i ve e f fec t s  6f med i a  
o pa c i t i es a n d  re t i nopa thy on t h e  
ERG ( Go u ra s , 1970)  
he red i ta ry degene ra t i on s  wh i ch e f fe c t  t h e  e n t i re re t i n a p roduce ma r ked 
cha n g e s  i n  both a m p l i t u d e  and i mp l i c i t t i me o f  the ERG . 
A l t houg h i t  \--JOu l d  be i na p p rop r i a t e  h e r e  to desc r i be i n  d e tci i l eve r y  
c l i n i ca l  s i t u a t i on i n  wh i ch e l ec t ro ret i nog ra phy wou l d  be d e s i r ab l e ,  a n  
o u t l i ne 6 f  t he ty p e s  of pa t i e n t s who wou l d  mo s t  l i ke l y  b e n � f i t  f rom a n  
e l ec t rod i agnos t i c  wo r k - u p  i nc l ud i ng e l c c t ro re t i no g ra phy wou l d  be i mpo r t a n t  
t o  t h e  optome t r i c  c l i n i c i a n .  T h e  ty f  o f  pa t i en t s  who cou l d  mos t bene f i t  v 
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f rom s uch tes t i ng I nc l ude : 1 )  pat i en t s  w i th  unexp l a i ned  a bnorma l a cu i ty ,  
v i s ua l  symptoms , o r  eye g round changes , 2 )  ch i l d ren w i th unexp l a i ned v i s ua l  
l os s , 3 )  pat i en t s  a t  any age w i t h  s u s pected re t i na l  degene r a t i on s , 4) pat i e n t s  
w i t h  s u s pected cone degene ra t i on s , 5 ) p a t i en t s  w i t h  s us pected vas cu l a r  
i ns u ff i c i ency , and  6 )  i n  eva l ua t i on o f  t he funct i on a l  s ta t e  o f  the re t i na i n  
t h e  p resence o f  med i a  opac i t i es .  
�t l en t s  wh i ch d i sp l ay unexp l a i ned v i s ua l  symptoms , abnorma l acu i ty ,  
or  fun d us changes may be a f f l i cted by tox i c  amb l yop i as due to  n ut r i t i on a l 
def i c i en c i es -or  tox i c react i ons  to  med i ca t i on s .  N u t r i t i ona l amb l yop l a  i s  
o f ten h a rd to  � i agnose a s  pa t i en t s  tend to deny poor d i e t a ry hab i t s o r  
a l coh o l i sm .  l-loweve r ,  t h e  ERG i s  a hvays abno rma l i n  n ut r i t i on a l amb l yop i a  whereas 
no ERG a bnorma l i t i es a re obse rved i n  opt i c  a t rophy ( Kr i l l ,  1 9 70 ) .  Thus the 
ERG i s  ext reme l y  va l uab l e  i n  t h i s  k i n d of d i ffe ren t i a l d i agnos i s .  Typ i ca l  
ERG f i n d i n gs  i n  pat i en t s  w i t h  seve re v i t am i n A o r  B de f i c i en c i es  show 
decreased b-wave amp l i t udes and w i th p rope r the rapy , the b-wave amp l i t udes a re 
s hown to i n crease � ( F i g .  9 ) The e l ec t ro-ocu l og ram i s  a l so abnorma l i n  
nut r i t i on a l amb l yop i a .  
D rugs wh i ch a re tox i c t o  t h e  opt i c  ne rve , s uch a s  q u i n i ne ,  ch l oroq u i ne ,  
and  methy l a l coho l , a l so p rod uce changes i n  the  ERG i n d i ca t i ng that  these 
d r ugs a f fect the re t i na o r  the ret i na l  c i rcu l a t i on d i rect l y  as  we l l  as  the 
documen ted d amage to the op t i c  ne rve . These d r ugs  cause an i n c reased a-wave 
amp l i t ude a n d  a dec reased b-wave amp l i tude ( F i g .  1 0 ) .  A l so ,  the  l i gh t  r i se 
o f  the EOG i s  found to be absen t i n  cases of q u i n i ne po i son i ng .  (G a l l oway , 1 975) •  
G i l l i s ( 1 96 6 )  found a reduct i on o f  two or  mo re s tand a r d  dev i a t i on s  i n  
some o r  a l l o f  t h e  componen t s  o f  t he e l ec t ro re t i nog ram i n  2 3 out of  2 7  pat i en t s  
w i t h  m u l t l p l e  s c l e ros i s .  The reduct i on o f  the ERG gen e ra l l y  pa ra l l e l s the 
seve r i t y  and d u r a t i on o f  the op t i c  a t rophy accompany i ng the mu l t i p l e  s c l e ros i s .  
As the e l ect rore t i nog ram does n ' t  meas 1 e t he f u n ct i on a l s ta t e  o f  the g a n g l i on 
F i g .  
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FIG .  4 -. 2 7 .  Plot uf b-wa ve a m p l i t u d e s  from the same patient as in Fig. 4-26 before 
und after trea tment with larg e  doses of vita mins .  Note the increase in the b-wave 
u m p l i t u d es uftcr treatmen t recorded on two occa s ions.  (From Krill, A. E. Invest. 
Ophthal. 9 :600,  1 U70 . )  
F i g .  9 - B -wa ve amp l i t u d e s  i n  pa t i e n t  w i t h  n u t r i t i on a l 
amb l yo p i a  be fo re a n d  a f t e r  v i t am i n  t h e ra py ( Kril l , 1 970) 
[. 
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Figure 1 1 . l. Elect rorctino graphic trac in gs taken prior to (c) and after oral administration 
of quinine. An increase i n  the size of the 'a '  wave i s  acc o m pa n ied b y  reduction of the 'b' 
w ave. The c h anges show recovery after 45 min utes.  Reproduced from C ib i s, Burian & Blodi 
( 1 9 7 3 )  Elcctroretinogram ch a nges in  '"· u r c  q u i n i ne po i soning.  A rchil>�s of Ophthalmologv, 40,  
307 .  Copyright 1 9 7 3  Americ a n  Met! 1 c ; 1 !  .-\ ssociatio n :  w i t h  permi ssion o f  aut hors and ed i tor .  
1 0 -A ffec t s of t he a dm i n s i tr.:-: t i 1)f1 of q u i n i n e  o n  t he E R G  ( G a l l oway , 1 9 75 )  
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ce l l  l ay e r  o r  t he o p t i c  n e r v e , l t  wa s con c l uded t h a t  m u l t i p l e  s c l e ro s i s 
p ro d u c e s  ret i n a� a b no rma l i t i e s i � d i ca t i ve of a reduc t i on o f  b i po l a r  ce l l s  
of t he r e t i n a .  a s  we l l  a s  t h e  ob s e rved l e s i on s o f  t he opt i c  n e r ve .  
S i nce t h e E RG i s  a n  o b j e c t i ve techn i q ue i t  l s  i nva l ua b l e i n  ca s e s o f  
u n e x p l a i n e d  v i s u a l  l os s e s i n  c h l i d ren . I t  � hou l d  be  empha s i ze d  t ha t  s eve re 
ret i n a l  d i sea se may be p re s e n t  even i n  the absence of d e t e c t a b l e  oph t h a l mo s cop i c 
change s . Cond i t i on s  wh i c h may ca u s e  v i sua l l os s  w i thou t p rod u c i n g obv i ous  
ret i n a l  changes i nc l ude : 1 )  L e be r ' s  congen i ta l  re t i na l  dyst rophy , 2 )  to ta l 
co l o r b l i ndne s s , 3 )  congen i ta l  n i g h t  b l i n dne s s . a n d  4) a l b i n i sm . Lebe r ' s  
con gen i t a l  re t i na l  dys t rophy o r  ama u ros i s  i s  a n  a u tosoma l reces s i ve degene ra t i on 
i f  t he re t i na u � ua l l y  occu r r i ng a t  b i r t h  w i t h l i t t l e  o r  no f u n d u s  ch an g es . 
App l i ca t i on 6f  e l ect rod i a g nos t i c  t echo i q ues  s how a much h i g h e r  i n c i dence o f  
lebe r 1 s  ama u ros i s  t ha n  p rev i o us l y  n o t e d , w i t h  up  t o  1 8 %  of b l i n d c h i l d r en 
s how i n g t h i s  cond i t i on . ( G a l l ow<Jy , 1 9 75 )  As soc i a te d oc u l a r  con d i t i on s  i nc l ude 
c a t a r a c t s , ny s t a gmu s , esotrop i a ,  ke ra tocon u s , h i g h myop i a .  a n d  ma c u l a r  
d e g e n e r a t i o n .  T h e  ERG i s  m i n i ma l  o r  comp l e t e l y  a b s e n t  i n  a l l c a s e s . Howeve r 
s ome c a s e s  show a l mo s t  no rma l EOG s , wh i l e o t he r s  s how g ros s l y  a b no rma l EO G s ;  
I t  i s  s u p po s e d  t h a t  some ca s e s  o f  le be r ' s ama u ro s i s  a r e  s t a t i o n a ry whe rea s 
o t h e r s  a re p rog re s s i ve ,  a n d  E RG co�b ined w i t h  EOG record i n g s  can  d i f f e re n i a te  
t h e  two f o r m s , thus  a i d i n g i n  t h e  p rognos i s  o f  t h e  a ff ec t e d  ch i l d .  ( G a l l oway ,  
1975) 
I n  tot a l  co l o r b l i nd ne s s , a n  a u tosoma l reces s i ve d i s e a s e  ca u s i ng d e fec t i ve 
con e s , t he r e  i s rhoto phob i a ,  nys t a grnus , a n d  r ed u c e d  v i s ua l a c u i ty ( a pp rox i ma te l y 
20/200) . ERG re c:o rd i n g s  s h ow m i n i ma l  o r  a b s e n t . photop i c  responses a nd t here i s  
a l ow f l i cke r f u s i on f req ue n cy cons i s ta n t  w i t h  the  l a c k o f  t h e cone s y s tem . 
I n  cong en i ta l  s ta t i on a ry n i g h t  b l i nd n e s s  t he re i s  red uced acu i ty� h i g h myop i a  
a n d  o f t e n  n y s tagmu s e ven t hough the  f u r. d u s  a n d  pe r i p h e r a l f i e l d s a r e no rma l . 
The  E R G  c h a r a c t e r i s t i ca l l y  s h ows i d en t i .  a l  i mp l i c i t t i mes for photop i c  a n d  
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s co to p i c  b -wa ve s . As p rev i ou s l y  m en t i on e d , t h e  no rma l photo� i c  b -wave h a s  
a no t i ceab l y  s h o r t e r  i mp l i c i t  t l me t ha n  the s co t o p i c  compon en t . The s c o t o p i c  
b -wa ve may a l so have a s ub norma l amp l i tude .  I n  oc u l a r a b l l n i sm t he f u n d u s  
o f t e n  re s emb l e s  t ha t  of a no rma l l i g h t - s k i n ned i nd i � i dua l . A s u p e r no rma l 
s c o t op i c  E RG i s  found i n  young a l b i no s , wh e re a s  no rma l o r  s u b n o rma l E R G s  a r e 
obt a i ned i n  o l d e r  a l b i nos , �re s uma b l y  d u e  t o  r e t i na l  damage s econ d a ry t o  
exces s i ve l i gh t  expos u re .  ( l\r i l l ,  1 9 7 2 )  
P robab l y  t h e  mos t  c l a s s i ca l  c l i n i ca l  a pp l i ca t i on o f  t he ERG h a s  been f n  
the d e t ec t i on a n d  d i f f e re n i a t i on o f  r e t i na l  degene ra t i on s , p r ima r i l y  re t i n i t i s  
p i gmen t o s a  a n d  L a u rence-Moon - B i ed l  s y n d rome . 
Re t i n i t i s  p i gmen tosa i s  t h e  i nh e r i t e d  d i s o r d e r  i n  wh i ch t h e  r e t i na l  
p i gme n t  e p i t h e l i a l  ce l l s s ome how fa i l  t o  p hagocy t i ze the d i s c s  s h e d  by t he 
pho t o re ce p t o r s , re s u l t i ng i n  e l on g a t ed o u t e r  segme n t s  of t h e  photo recep t o r s  
a n d  a b re a k  down o f  e l e c t ro ton i c  con d u c t i on i n  t h e  o u te r s e gmen t s .  S i nce  t h e 
rod s h a ve a much h i g h e r  t u rnove r r a t e  of photo rece p t o r  d i s c s  t h a n  do cones , t h e  
rod s y s t e m  i s  t he f i r s t  t o  b e  a f fected l n  typ i ca l  r e t i n i t i s  p i gmen t o s a . ( Youn g ,  
1 9 7 6 )  C l i n i ca l l y ,  t he pa t i en t  m a y  o r  may n o t  p r e s en t a fami l i a l  h i s to r y  o f  
fe t i na l  d i s � a s e  o f  b l i n d n es s , ma y o r  ma y n o t  be awa re o f  dec rea s ed n i g h t  v i s i on ,  
a n d  oph t h a l mo s co p i c  c h � n g e s  may b e  m i n i ma l  o r  a b s e n t  e s pec i a l l y  i n t he ea r l y  
s tages o f  re t i n i t i s  p i gmen t o s a . l lovveve r e v e n  befo re t h e c h a r a c t e r i s t i c  r i n g 
s c o toma a n d  "bone s p i c u l e" r i gmen t CJ t i on nea r the eq u a t o r i a l  r e g i on a r e ex p re s s e d , 
t he E RG i s  e i t h e r ma rked a b n o rma l  o r  e x t i n g u i s hed . The e l ec t ro-oc u l og r am a l so 
s ho\ JS  ma r ke d  cha n g e s  ea r l y  i n  t he cou r s e  o f  t h e  d i s ea s e ; a n d  t he amou n t s  o f  
i mp a i rmen t of t l 1e  E RG a n d  EOG  ca n b e  u s e d  to  he l p  i d e n t i fy s p ec i f i c forms o f  
re t i n i t i s  p i gmen to s a , r a t e  o f  p rog r e s s i on ,  a n d  p rog n o s i s  of t h e  pa t i e n t ' s  
cond i t i on .  
I n  t he La u re n c e -Moon - B i ed l  s y n d ror1e , 1 5�� o f  t h e  pa t i e n t s  d i s p l ay t he 
cha r a c te r i s t i c  o p h t ha l mo s cop i c  s i g n s  o f  r e t i n i t i s p i grnen t os a . Hov1e ve r ,  n ea r l y  
a l l o f  th es e pa t i en t s  s hm-1 n i q h t b l i nd n e s s  a n d  e x t i n g u s i h e d  E RG s .  O t h e r r e l a t i v� l y  
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r a re ret i na l  deg e n e ra t i on s  wh i ch s hrn-1 a b no rma l E R G s  i n c l ude re t i n i t i s  p u n c ta ta 
a l be s c en s , O g uch i ' s  d i sea s e  and c h o ro i d e rem i a .  ( K r i l l ,  1 9 72 ) 
I n  p rog re s s i ve cone degenera t i on s , t he pa t i en t  man i fe s t s  r e d uc ed v i s u a l 
a cu i ty ,  ma rked co l o r  v i s i on d e fec t s , a n d  E RG c h a n g e s  i nvo l v i ng red uced o r  
a b s e n t  p hotop i c  r e s pon s e  n o t  u n l i ke t ho s e  f o u n d  i n  t o t a l  co l o r : b l i nd n e s s .  
( F i i . 1 1 ) T h e  i n i t i a l  c h a n g e s  i n  t h e  ma c u \ a  a re a l mos t ��de t ect�b l � 1 1 i n  cone 
1 ·· ---- --- --·. 
Normal  
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� · 
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FJG. 4-22. S h own o re p h o topic responses from a n o rm a l  su bject, 1r n t i e 1i t  1 with 
o cont! degeneru l ion ond pnt ien t  2 1 v i t h  toted c o n g en i tci l color b l ind ness. Note 
tlrn t p h o to p ic responses o re  a bsen t in pa t ient  2 ond m in i m a l  i n  p o t i e n t  1. (From 
Kri l l ,  A. E. Tran s .  Amer. Ac<td .  Ophthal. Olo l a ryng. 7 0 : 1 063 ,  1966 . )  
- I 
F i g .  1 1 - Dec r e a s e d  pho top i c  ERG res pon s e s  i n  cone deg e n e ra t i on 
a n d  tota l co l o r  b l i n d ne s s  ( K r i l l ,  1 97 2 )  
degene r a t l�n , a n d  t h e  reduced o r  a b s e n t  photop i c  E RG i �  d i a g nos t i c  f o r  t h i s  
a n oma l y .  
As men t i oned p rev i ou s l y ,  the  b-wave o f  t h e  ERG i s  q u i t e  s e n s i t i ve to 
c h a n g e s  l n  r e t i na l  c i rc u l a t i on ,  and he re i n l i e s  t h e  c l i n i ca l  va l ue o f  t h e  ERG 
i n  pa t i en t s w i t h  s u s pec ted v a s c u l a r  i n s u f f i c i eotJ e s . Reduced ret i n a l  b l ood f l ow 
by way o f  a n  i mpen d i ng cen t ra l  a r t e r i a l  occ l u s i on o r  ca rot i d  i n s u f f i c i ency show 
� 
' 
I 
' 
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a cha r a c t e r i s t i ca l l y  dec rea s ed b -wave w i t h a n o rmil a -wave .  ( F i g .  1 2 ) A s  i s  
emp ha s i zed i n  t he f i g u re ,  the re l a t i ve l os s  o f  b-wave amp l i t u d e  i s  p ro po r t i ona l 
- - �----·-. 
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---1"-. 
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FIG. 4-28. Electroretinogra m s  f'rom a patient with a l eft s u p erior re t i mi l  arterial 
occlt1 sion and frnm a n ot h e r  wi t h  a left central ret inn l  orterial occ lus ion .  In each 
polien t th ere i s  a smol ler b-wave from the affected left eye. A m uch greater de­
crease is n oted in  tlrn pat ien t with the centrai retinal o r'iery occl u s i o n .  (From 
!Vi!l ,  A. E. fnvesl. Ophllrnl.  9 :600, 1 9 70. )  
F i g .  1 2 - E RG reco r d in g s i n  re t i na l  a r te r i a l  occ l u s i on s  ( K r i l l ,  1 9 7 0 )  
t o  t h e  amoun t o f  r e t i na a f fec ted . I n  o t h e r  wo rd s .  i f  t h e  f u n c t i on of ha l f  t he 
r e t i na i s  l os t  by occ l us i on o f  b l ood s u p p l y o r  r e t i na l  d e t a c hmen t ,  t h e  
b -wa ve amp l i t u d e  i s  d e c r e a s e d  by a s i m i l a r  f ract i on .  
The f i n a l  b u t  mos t - s i gn i f i ca n t  c l i n i ca l  app l i ca t i on o f  t h e  ERG i s  t h e  
eva l ua t i on o f  t h e  f u n c t i on a l s ta te of t he r e t i na b e h i nd med i a  o p a c i t i es . 
As p rev i ou s l y  n o t ed �  m�d l a  opa c i t i e s a n d  ret i na l  pa t ho l ogy b o t h  e f fec t t h e  
E RG howeve r i t  i s  q u i t e  pos s i b l e  t o  d i f f efen i a te t h e  e f fec t s  o f  each of t he 
two f a c t o rs on t h e  ERG a n d  t h u s  d e t e rm i ne whe t h e r  o r  n o t  t h e  r e t i na i s  
i n t a c t  beh i n d s uc h  med i a  opac i t i es a s  co rnea l s ca r s , l en t i c u l a r  opa c i t i es ,  
a n d  v i t reous hemo r r ha g e s . 
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A l though the a bove examp l es a re by no mea n s  exha u s t i ve of the u s e s  of 
th e E R G , i t  s hou l d  be obv i ou s  t ha t  the ava i l a b i l i t y o f  t he e l e c t ro re t i nog ram 
to the c l i n i ca l  optome t r i s t i s  of g rea t va l ue i n  a w i d e  n umbe r o f  s i t ua t i on s  
encoun t e red re l a t i ve l y  f re q u en t l y  i n  t h e  c l i n i c .  B u t  i t  s t i l l  s ho u l d  be 
empha s i zed t h a t  t he e l ec t ro re t l nog ram and other e l e c t rod i ag nos t i c  too l s mu s t  
b e  emp l oyed on c l o s e  conj unc t i on w i t h  t h e  mo re conven t i on a l a s pe c t s  o f  c l i n i ca l  
op tome t ry ,  s uc h  a s  v i s ua l  a c u i ty mea s u reme n t s , re f ra c t i on .  co l o r  v i s i on 
tes t i n g ,  b i noc u l a r  t e s t i ng ,  oph t h a l mo s copy , v i s ua l  f i e l d s t es t i n g ,  tonome t ry ,  
a n d  t h e  o p t ome t r i s t 1 s  d i a g nos t i c  s k i l l s  a n d  i n s i g h t .  b e fo re t hey c a n  be of 
max i mum b e ne f i t  to the pa t i en t . 
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E L E CTRO-OCU LOG RAM 
H i s to ry and  Backg round 
There ex i s ts  an e l ec t r i ca l  poten t i a l  a c ross a ba r r i e r i n  the ret i na ,  
and  t h i s  ba r ri e r  i s  mo.s t l i ke l y  the  p i gmen t ep i the l i um .  Th i s  s tand i ng 
poten t i a l  res u l t s  i n  a cornea wh i ch i s  pos i t i ve re l a t i ve to t he fundus . Th i s  
poten t i a l  was d i s cove red by  Du Boi s - Reymond i n  1 849 . I n  1 877  Dewa r f i r s t  
reco rded th i s  poten t i a l  i n  a human eye . L a t e r  M i l es noted t h a t  the s tand i ng 
pot en t i a l  i nc reas ed ove r a per i od of  s eve r a l  m i n u tes . The o r i g i n  of t h i s  
poten t i a l  was cons i de red mus c u l a r  un t i l 1936  \"1hen Mowre r and  h i s  co��"'or ke rs 
expe r i men ted w i t h c a t  ret i na s . A ca t wh i ch was cu�a r i zed had an unchanged 
s t and i ng poten t i a l wh i l e t h i s  poten t i a l  was e l i m i na ted a f t e r  chem i ca l  
des t ruc t i on of the  ca t ' s  ret i na .  
The pos s i b i l i ty of  us i ng t h i s  te s t  a s  a n  obj ect i ve t e s t  fo r ret i na l  
func t i on was rea l i zed a f t e r  1954 when R i ggs  found l ow va l ues i n  a pe rson w i t h  
p i gmen t a ry degen e ra t i on of  t h e  ret i na a n d  i n  1 9 5 6  when F ranco i s  and 
a s s oc i a t e s  repo rted  a b no rma l data I n  seve ra l  ret i na l  d i sea ses . F ranco i s  ( 1 955)  
a l so noted  that  the  s ta nd i ng poten t i a l  fa l l s to  a m i n i mum d u r i ng  d a r k  
adaptat i on whe reas o n  expos u re to  l i gh t  i t  reaches  a max i mum befo re de-
c reas i ng t o  a p re-adap ta t i on s ta t e .  
Dar k L i g h t s  on 
Eyes move lo right 
[y" IDM fu t_[l (� 
"lJ � - - -� - - -;lflM 
Th i s  length measu red and aver age of six readi ngs 
� --.,--.......; taken 
Dark Trough Light Peak 
Arden 1 ndex = Average of six read i ngs taken al B Aver�ge of s i x  r P .id i ngs taken at A • X JOO 
Figure 7. 1 6. See ! e x t  ror explanation. 
F i 0 . 1 3  A rden  I ndex 
{ G ,; 1 l 01-Jay , 1 97 ) )  
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The stan d i ng potential of the EOG i s  a steady potentia l compared to 
the ra p i dly oscil l at i ng poten t i a l  of the E RG . However , i t  does change 
con stan tly to illuminat i on changes. Arden and Kelsey ( 1 962) s howed that 
the EOG and its a l t e ra t i on s  are .caused  by changes in d i rect i on and ma g -
n i tude of  a generating d i po l e . 
FIG. 5- 1 .  A poten l io l  d ifference exists between the fron t  of the cornea and  t h a  
bock of' t h e  ret ina,  w i t h  the corn ea h(J ving a positive charge.  If t h e  eye is rno1·ed 
in either d irect ion the electrode closest to the cornea becomes posit ive, ond o 
d eflection wil l  be noted on o record i ng system .  The dirnction of the deflect ion is 
opposi te wilh the two el ectrodes. 
F i g . 1 4  Generation of the Electro-oculog ram 
(Kri 1 1 ,  1 972 )  
The s tand i ng potentia l ' s  existence and i ts alte rations  also depend  
u pon the s t ructu ral and  functional in teg r i ty of the cho ro i d ,  the pigment 
ep i t he l i um ,  and  photorecepto rs. Th� ma i ntenanci of such an electr i cal 
potentia l  d i fference requires  the ex i s tence of a ba r r i e r that i mpedes the 
f l ov1 of  e l ect rons  f rom a " sou rce" to a " s i nk" and th i s  bar rie r wou l d  be 
iha racte r i zed by h i g h res i stance , h i gh �apa c i tance , or both . 
t-Joell ( 1 963) proposed that most of  t h e  standi ng potential is  caused by 
memb rane pola r i zat ; on of  the pigme nt ep i thel i um I n  close app roximation 
w fth the retina l neura l ce l l s ,  wh i ch a re ma i nta i ned by an act i ve i on t ran s -
por t  s y s tem . Anot he r exp l ana tion o f  t h e  s ta nd i ng po tentia 1 1 s  o r i g i n was 
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A p re-amp l i f i e r w i t h  a fi n a l b a n d  w i d t h  of 50  - 0 . 5 cyc l e s p e r  second 
was u s ed . The eye moveme n t s  were reco rded by a pen reco r d e r  as a s e r i e s 
o f  s aw- too t h s . T h e  s te e p  ve r t i ca l  d e f l ec t i on s  r e p r e s e n t e d  t h e  ·eye move� 
men t s  a n d  t he s l o0e r r i s i n g br fa l l i n g pha s e s  we re the decay d u e  to t he t i me 
con s ta n t  o f  t he a mp l i f i e r s . The ve r t i ca l  d e f l e c t i on s  were mea su red a n d  t h e  
l i g h t / d a r k  ra t i o  wa s compu t e d . 
T h e r e  a re va r i o u s  t e c h n i q u e s  u s e d  f o r  mea s u r i n g t h e  s t a n d i n g po t en t i a l  
o r  c o r n eo- re t i n a l  pot e n t i a l . The ba s i c  p ro ce d u res u s ed to reco rd t he EOG 
d i f f e r  i n  t h e  a n g u l a r excu rsion ma d e  by t h e  s u bj ec t t t he ra t e  o f  a l t e r na t i on s , 
t h e  t i me s p� n  f o r  the d a r k  a n d  l i g h t  a d a p t a t i on cond i t i on s  a nd the i l l um i ­
n a t i on l eve l s .  
The amou n t o f  movemen t  r eq u i red o f  t he s u bj e c t  wh i l e a l t e r n a t i n g h i s  
f i xa t i on c a n  be a s  sma l l a s  30° (Ree se r ,  e t .  a l  1 970) to a s  l a rge a s  
ex t reme l a t e ra l e y e  moveme n t s  f rom one s i de t o  t he o t h e r  ( F r a n co i s ) . 
W i t h  AC �mp l i f i ca t i on i t  i s  found  be t t e r  to u s e  t h e  s ma l l e r v i s ua l  a ng l e  
s i n ce t he r e  may be mo re d i s to r t i on o f  amp l i t u d e s  w i t h  l a rg�r r e s pon s e s , 
hmveve r ,  t h i s  i s  n o t  i mpo r t a n t  �-Jit h D C  amp l i f i ca t i on .  
T h e  r a t e  o f  a l ternat ions i s  u s ua l l y  o n e  a l t e r n a t i on p e r  second o r  
30 cyc l es pe r minu t e .  O t he r  r a t e s  u s e d  i n c l u d e  40 cyc l es pe r m i n u t e a n d  i n  
some c l i n i c s t he s u bj e c t  i s  s i mp l y  asked t o  l ook rap i d l y  back a n d  f o r t h  
a t  t he r e d  1 i g h t s . T h e  t i me p e r i od s  f o r  t h e  d a r k  a n d  l i gh t  a d ;:i p t a t i on con� 
d i t i on s  r a n g e  f rom t en m i n u t e s  each ( C ro s s  1 974 )  t o  2 0  m i n utes ea ch . T h e  
i l l um i na t i on v a r i es f rom 5 9 0  foot l ambe r t s  wli i le o t h e r s  h a v e  used B OO f oo t  
cand l e s .  
There a re .  adva n t ages o f  rep resen ting t he EOG a s  a n  a b so l u t e  n ume r i ca l  
ra t i o  d u r i ng d i f fe re n t s ta g e s  o f  a d a p t a t i on .  T h i s  m e t hod a l l ows compa r i son 
of one eye t o  t he fe l l ow eye or t o  t h a t  o f  a n o t h e r  s ubj e c t  wi t hou t rega r d  
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When t h e  s u bj ec t i s  rap i d l y  changed to the  l i g h t  adapta t i on cond i t i on ,  
t h e  amp l i tude o f  the  s tand i ng pot en t i a l  r i ses ra p i d l y ,  depend i ng on the  
i n tens i ty of  l i g h t  ad;:ipta t .l on .  A f i rs t  pea k i s  fol l m'1ed by two mo re pea ks 
before g ra d ua l l y  ·se t t l i n g to  a s teady s t a t e  l eve l . Kr i 1 1  ( 1 972 )  found  
these  peaks a t  8- 1 2  m i nu tes , at  2 1 - 2 9  m i nutes , and  a t  32-40 m i n u te s . 
He  found a ra t i o  l es s  t h a n  2 . 0  unus ua l i n  norma l s u b j e c t s  l es s  t h a n  50 
yea rs  o l d .  A 1 . 80 rea d i ng wou l d  be c l a ss i f i ed a bno rma l w i t h  1 . 90 as  
bo r d e r l i ne .  I n  the subj ect s  ove r 5 0  yea rs  o l d ,  Kr i l l  n o t ed t ha t  ra t i os 
l es s  than  1 . BS a re u n u s ua l wh i l e 1 . 70 i s  con s i de red a b no rma l a n d  1 . 8 0  
i s  borde r l i ne .  
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FIG . 5-2. In cli.n icol c l e c t rooc u l og ro p hy responses o re recorded during o fixed 
p er iod of dork odo p t o t ion o n d  the1i d u ri n g  u fixed period of l ight  o d o p lo t ion,  n s  
show n for th i s  putien l. The record is  evo l uo!ed b y  t h e  ro t io  o f  t h e  la rges!  response 
ob1oi 1wd d u ring l ig h t  a d a p ta t ion to t he smn l l es!  d u ring dork o dopto l i o n .  Note 
how the o nw l i t u d e  decreoses in size to reac h  o m i n im u m  d u ring dmk o d u p to t ion 
a n d  i nc reos;�s in s i ze to rea c h  o maxi m u m  d u ring l i g h t  odqp t n l i o n .  In this p a t i e n t  
the rot io  is Jess  for the l eft eye wi lh  o relinul d etoc hment.  
F i g .  1 '5 Tyf) i ca l  L i g h t  and Da r k  A d a p t a t i on Res pon s es 
( Kr i l l ,  1 9 72 ) 
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Factors I n f l uenc i ng C l i n i ca l  Meas u.remen t s  
The s ta n d i ng po t en t i a l i s  i n f l uenced b y  n ume rou s va r i a b l es .  Two 
factors , age  a nd sex . we re p rev i ou s l y  men t i oned i n  refe rence to Adam ' s s t ud y .  
Afden a n d  Ba r rada ·  ( 1962 ) repo r ted a sma l l b u t  s i g n i f i ca n t  dec rea se o f  the  
r a t i o  w i t h  i nc rea s i ng age  a l t hou g h t he n umbe r of s ubj ec t s  ove r 4 0  yea r s  o l d  
wa s sma l l .  They foun d  no cor re l a t i on between t he l i g h t/dark  rat i o  a n d  
the  mea n age  of  a l l persons f o r  each E O G  va l ue .  
The l i gh t  i n t ens i ty of t he adapt i ng l i g h t  a n d  the amp l i t ud e  of . the  l i gh t  
a d a p t e d  re s pons e s  a re d i rec t l y  re l a ted , (Kr i l l ,  1 97 2 ) , . Ko l d e r  a nd Hochgesand  
t t 9 7 3 )  found  n o  s i g n i f i ca n t  i n f l uence o f  t he pup i l l a ry a rea s econda ry to 
d i f f e ren t l i g h t  i n t en s i t i es ,  at  l ea s t  not  fo r p u p i l d i ame te rs o f  3 - 5 . 5  mm . 
The effec t s  of  d i l a t i on we re found to be m i n i ma l  i n  Rees e r ' s ( 1 973 )  
s t udy of  f i ve norma l s ubj ec ts  who we re t e s ted before a n d  a f t e r  d i l a t i o n  
o f  o n e  pup i l .  N o  s i gn i f i ca n t  change wa s noted i n  t he ra t i o .  Ea r l i e r ,  
howeve r ,  Arden a n d  Ke l sey ( 1 962 ) had  s t ud i ed t he e f fect s  of d i l a t i on on 
the E O G . \4hen t he p u p i l s \-Je re mnx i ma l l y  d i l a ted ( 8  mm) , the average ra t i o 
wa s 300 % .  By decrea s i ng t he o u t p u t  of t h e  v i ew i ng box by 1 . t l og u n i t s ,  
wh i c h wou l d  be compa rab l e  t o  ret i na l  i l l um i na t i on for a con t racted p u p i l 
o f  s i ze 2 . 4 8 mm , the  ra t i o  d ropped to 252  % .  
The adapt i ve s ta te before the  d a r k  adapta t i on t i me s ta r t s  i s  a n o t h e r  
i mpo r t a n t  v a r i ab l e  w h i ch  wa s s t ud i ed by /\dams ( 1 973 ) . He found tha t t he 
s t and i ng po t e n t i a l  g ra d ua l l y  r i s e s  d u r i ng t he da rk adapta t i on pe r i od a f te r  
a bout  1 6  m i n u tes  o f  con t i n uous d a r k  a d a p t a t i o n ,  w i t h  a p r i o r  l i g h t  ada p t a t i on 
o f  ten m i n u t e s . 
The co r re l a t i on b e tween r i g h t  a n d  l e f t eyes 1va s found t o  be very h i gh .  
S t ud i es have s hown a n  r-va l ue of 0 . 7 56  ( Adams , 1 97 3 )  a n d  a n  r-va l ue o f  
0 . 804 (Arden a n d  Ba r ra d a , 1 96 2 ) . 
K r i s  ( 1 960) reco rded d i u r n a l  va r i .:i t i on s  of  the  poten t i a l  . b u t  s i nc e  t he 
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reco rd i ng per i od i s  so s ho r t . these  f l uctua t i on s  a re ·  i n s i gn i f i ca n t . I t  i s  
recommen d ed by Van L i t h a n d  Ba l i k ( 1 9 70) to  exam i ne a nd re-exa� i ne pa t i en t s  
d u r i ng t he s a me t i me o f  d a y  s i nce a va r i a b i l i ty d u r i ng t he d a y  wa s found 
fo r 5 0  % o f  t he i r  s ubj ec t s .  I n  a s t ud y  o f  e i gh t  s u bj ec t s  Ke l s ey ( 1 967 )  
fou n d a s i g n i f i ca n t  va r i a b i l i ty f rom person  to pe rson . 
The pos i t i on o f  t h e  e l ec t rodes  a l ters  t h e  he i g h t  o f  t he s ta n d i ng 
po ten t i a l , a l t hough i t  i s  not  i n f l ue n t i a l . When on l y  t he ra t i o i s  mea s u red 
no e s s en t i a l  i n f l uence can b e  expec ted . 
The e l ect r i ca l  res i s tance  o f  t he s k i n can change due  to t he tea r s 
reach i ng the  e l ec t rod es .  I f  t he tea r s  do touch t he e l ec t rodes , the re i s  
a l ow res i s t ance  to the  g l obe I t s e l f , a n d  very  l a rge po tent i a l s  w i l l  
be recorded . To a vo i d  t h i s ,  t h e  e l ec t rodes  s hou l d  be cove red w i t h  wa te r­
p roof p l a s t e r .  (/\rden , !3a r ra d a , and  Ke l sey , 1 96 2 ) . 
The  a b i l i ty to keep t he eyes open d u r i ng t he ea r l y  m i nu tes  of l i gh t  
adapta t i on can  i n f l uence the  ra p i d i t y o f  ret i na l  b l eac l1 i ng a nd thus  a f fec t s  
t he he i g h t  o f  t he l i gh t  pe a k  i n  t he EOG . Ano t h e r  f a c t o r  caus i ng va r i a t i on s  
i s  t h e  pa t i en t ' s  se l f -con t ro l  i n  mov i n g o� l y  h i s  eyes a n d  n o t  h i s  hea d .  
C l i n i c a l  S i g n i f i c a n c e  
T l1 e  c a u s e  o f  ma n y  r e t i na l  d i s e a s e s  c a n  be fo l l owed by e l ec t rod i a g n o s t i c  
t e s t s . A de f i n i te de t e rm i n a t i on o f  a c e r t a i n  d i s ea s e  c a n n o t  a l wa y s  b e  made 
s o l e l y  on an a bno rma l EOG  read i ng ,  hovJeve r ,  an a b no rma l E O G  �,! i l l  i nd i ca te 
t h a t  the re i s  l i ke l y  a d i s t u r ba nce i n  the  f u n c t i on i n g rod s , p i gment  
e p i t he l i um ,  t he c o n t a c t  be tvmen t he neura l and  p i gme n t  l a yer s ; o r  t he 
c ho ro i Ja l  b l ood s up p l y . The EOG may f i nd u s e  i n  a n t i c i pa t i n g dam a g e d u e  to  
poten t i a l l y  ret i notox l c  d rugs . 
The ea r l i e r  use  of  t he s t a n d i ng pot en t i a l  has  been i n  the reg i s t e rin g of 
eye movemen t s  a nd h a s  found a pp l i ca t i c 'l i n  a v i a t i on med i c i n e ,  i n  s t ud i es 
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o f  r ead i n g ,  i n  the a n a l y s i s  of amb l yop i a ,  a nd i n  t he d i f f e r en t i a l  d i a g nos i s  
o f  ny s t agmu s . T h e  E O G  may s ho\1 a b no rma l i t i e s  before a ny d e t ec t a b l e c h a n g e  
i s  s e e n  i n  t h e  ERG mea s u remen t s . 
T h e  E O G  h a s  foun d  a pp l i ca t i on i n  a va r i e ty o f  d i s ea s e s  a n d  cond i t i o n s . 
R e t i n i t i s  p i grne n tosa i s  a d e g en e ra t i v e p roc e s s  wh i c h beg i n s i n  t he ou t e r  
l a ye rs o f  t h e r e t i n a a n d  a t  f i r s t  s e l ec t i ve l y  i n vo l ve s  t he rod s . G ra d ua l l y  
a l l t h e  l a ye r s  o f  t he r e t i n a become a f fe c t e d  a s  we l l a s  t h e  c ho r i oca p i l l a r i s  
a ccompa n i e d by g l  i o s i s  a n d  p i gmen t m i g ra t i on .  Re t i n i t i s  p f gmen t o s a  may b e  
i n h e r i t e d  a s  a n  a u t o soma l reces s i ve ,  a u �osoma l dom i n a n t , o r  X - l i n ked 
reces s i ve t ra i t . 
Some t i me s  i n  ea r l y  c a s e s  t he E RG i s  n o t  a b n o rma l . A rd e n  a n d  Foj a s  ( 1 962 )  
ex t en s i v e l y  i n ve s t i ga t e d  1 9 ca s e s  o f  re t i n i t i s  p i gmen t o s a . I n  f i ve 
s u bj e c t s  t h e  E R G  cou l d  be reco rded wh i l e � 1 1 1 9  c a s e s  h a d  a b n o rma l EOG 
mea s u remen t s .  G ros s a b no rma l it i e s o c c u r re d  i n  t he EOG e v e n  w h e n  t h e  f i e l d s ,  
v i s u a l  t h r e s ho l d ,  a n d  ERG we re on l y  s l i g h t l y  a f fe c t e d ; F rom t h i s  t h ey co nc l ud e d  
t h a t  t h e  e a r l i e s t  l e s i on s eems to occur i n  t he p i gmen t e p i t h e l i um .  
Gou r a s  a n d  C a r r  ( 1 964 ) s t u d i ed e i g h t  c a s e s  o f  e a r l y  r e t i n i t i s  p i gmen t ­
o s a . I n  t h e s e  c a s e s  t he photop i c  E RG a nd t h e  EOG we re e i t h e r  w i t h i n  o r  
a l mos t w i t h i n  no rma l l i m i t s .  T h e  s c o t o p i c  ERG a n d  t h e  d a r k- a d a p t e d  
t h re s ho l d  a re a l wa y s  a b n o rma l . They a l s o found a q u a l i t a t i ve s i m i l a r i ty 
between t h e  E RG a n d  E O G  c h a n g e s  i n  a l l t h e  d i f f e ren t s t a g e s  of t he d i s e a s e .  
T h e  mea s u reme n t s  t h a t  pa ra l l e l  e a c h  o t h e r  t he mos t we r e  t h e  amp l i t u d e  o f  
t he p ho t o p i c  E RG r e s p o n s e  t o  r e d  l i g h t  a n d  t h e  ra t i o  o f  t he EOG . S i n c e  t h e  
photop i c  p h a se o f  t h e  E R G  i s  i n vo l ved . t h i s  s ug g e s t e d  t ha t  t he cones a s  
we l l  a s  rod s i n f l uence t h e  l i g h t  r e s po n s e  o f  t h e E O G . T h e  s c o top i c  
E RG wa s s o  ex t en s i ve l y  a f f e c t e d , i t  cou l d  not b e  compa red w i t h t he EOG . 
T h ey s hov1e d  t h a t  t he EOG l i g h t  r i s e may be reduced wh i l e t he 
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d a r k - a d a p t a t i on c u rve wa s no rma l . The a c t u a l po t en t i a l  wa s l ow .  As the 
d i s e a s e  p rog res sed the l i g h t  r i se f e l l a s  the d a r k  t rough i nc rea s ed , but  
a re s t i n g poten t i a l  s t i l l  ex i s t ed even whe re the l i g h t  pea k  ro s e  a n d  t h e  
E RG wa s a b s en t .  
The a l b i no h a s  s hown a " s u p e rn orma l "  EOG ra t i o  i n  one s t udy { I ma i zum i . 
1 9 66 ) .  v1h i l e  s how i ng a comp l e t e l y  no rma l r a t i o  i n  a n o t h e r  (Gou r a s  and  
G un ke l , 1 96 3 ) . I n  a compa r i son o f  3 0  no rma l C a u c a s i an s , 6 no rma l Neg roes , 
a n d  6 a l b i nos , G a h l ot a n d  H a n s e n  ( 1 974 )  fo und t he a l b i nos to have a g e n e r a l l y  
l ow b a s e  va l ue fo r t h e  E OG amp l i t ude , a d e l ayed r i s e i n  t he 1t l g h t  p h a s e ,  a n d  
a n  ea r l i e r  occu r rence o f  t he d a r k  t roug h .  wh i l e t he EOG r a t i o  wa s u n a f f ec t ed . 
I n  c a s e s  o f  rece n t  tota l e r  s u b - to t a l r e t i na l  d e ta c hmen t s ,  t h e r e  i s  
no da r k  t ro u g h  o r  l i g h t  r i se ( A rden , Ba r r,.a d a , a nd Ke l se y , 1 9 62) . I n s t e a d  
the po t en t i a l  fa l l s when t h e  eye i s  re- i l l um i na te d .  A sma l l ERG i s  s t i l l  
reco rded . I n .  l on g � s t a n d i n g c a s e s  of r e t i na l  de t a c hme n t ,  t he s t a n d i ng 
po t en t i a l  wa s fou n d  t o  be ve ry l ow a n d  i n va r i a n t .  \J i t h a pa r t i a l  d e t a c h ­
men t  t he EOG  l i g h t  r i s e i s  p re s e n t b u t  i s 'abnorma l l y sma l l .  I t  may b e  
pos s i b l e  t o  co r re l a t e  t h e  f r ac t i o n o f  t h e  r e t i na d e t a c hed w i t h t h e  deg ree 
of a b n o rma l i t y o f  t he EOG . 
S i n c e  h i g h myopcs a re mo re o ften  s u bj ec t  to re t i na l  d e t a c hmen t s  t ha n  
o the r r e f ra c t i ve type s , A rden , Ba r ra d a , a n d  Ke l s ey ( 1 962 ) t e s ted t he E O G  
reco rd i n g s  of s ome h i g h myope s . Th e l i g h t  r i s e wa s sca rce l y  a s  g rea t a s  
the n o rma l mea n , a n d i n  many i t  v1a s a bo u t  o r  be l ow t he no rma l l owe r l i m i t .  
The EOG  may be a n  i nd i ca t i on o f  l ac k  o f  f u nc t i ona l con n ec t i on b e tween t he 
re t i na a n d p i gmen t e p i t he l i um ,,  a n d  cou l d  ref l ec t  t he i nc rea s e d  1 i ke l i hood 
of a c t u a l phys i ca l  con t a c t be i ng l os t as  we l l .  
P r o g r e s s i ve con e  d e g e n e r a t i on becomes oph t h a l moscop i ca l l y  v i s i b l e  
yea r s  a f t e r t he i nd i v i d ua l s hows i mpa i r e d  v i s ua l a c u i t y ,  p hot ophob i a ,  a n d  
d e f ec t i ve co l o r  d i s c r i m i na t i on .  T h e  E O G  h a s  b e e n  repo r ted no rma l i n  t h i s 
. , 
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d e g e n e r a t i on ( Goodma n , R i p ps , a n d  S i e �a l 1964) . S t a t i on a ry con g e n i t a l  
a c h roma tops i a  a n d  p rog res s i ve cone d e g e n e r a t i o n a re s ymptoma t i ca l l y  
s i m i l a r  w i t h  d e f e c t i ve co l o r v i s i on ,  s u b n o rma l v i s i on ,  a n d  a n  a b s e n t  E RG 
res pon s e  to a f l i cke f i ng s t i mu l u s .  
S u b j e c t s  w i t h  de fec t i ve cone f u n c t i on l � g  we re t e s t e d  w i th b l u e a n d  
r�d l i gh t s wh i ch wou l d  evoke e q u a l l y  l a r g e  i n c re a s e s  i n  t h e  E O G  o f  no rma l 
eyes . I n  f i ve to t a l l y  co l o r - b l  i n d s u bj ec t s  t e s t e d  b y  E l en i  us a n d  
Aa n t a a  ( 1 9 7 3 ) , t he E O G  r e s pon s e  t o  r e d  l i g h t  was b e l ow t h e  no rma l range 
wh i l e t he res pon s e  to b l ue l i g h t s was vJ i t h i n  the  no rma l r a n ge . I t ' s  
e v i den t t h a t  bo t h  t h e  rod a n d  t h e  cone mec h a n i s ms c o n t r i b u t e to t h e  
g e n e r a t i o n o f  t h e  l i gh t - i n d uced res pon s e  o f  t he E O G . 
Abno rma l i t i es of t h e  EOG g e n e ra l l y  a ccompany a b no rma l E RG read i n g s . 
Howe ve r ,  t h e  EOG f i n d s  i t s s pec i a l  u s e  when i t s r a t i o  i s  l ow a n d  t h e  E RG 
r e a d i n g s  a r e no rma l o r  n e a r l y  n o r ma l . T h i s  oc c u r s  i n  fou r he red i t a ry 
r e t i n a l  d i s o r d e r s : b u t t e r f l y - s h a pe d  p i gme � t ed dy s t rophy o f  t h e  fovea , 
f u n d u s  f l a v i ma c u l a t u s , a d va n ce d  d r u s e n , a n d  v i te l l i fo rm o r  Be s t 1 s  d i s e a s e .  
A l t hough 1 i t t l e  i s  known abou t t h e  E O G  read i ng s  i n  a s ymp toma t i c  
1 1ca rr i e r s "  fo r t he f i r s t  t h ree d i s o r d e r s , t he EOG may b e  a u s e f u l p r ed i c t i ve 
t e s t i n  Be s t ' s  rna c u l a r  dys t rophy . A l l a f f e c t e d  p e r s on s  w i t h  v i s i b l e  fl.In d u s  
c h a n g e s  w i l l  h a v e  abno rma l E O G  ra t i os wh i l e i t  i s  s u s p e c t e d  t ha t  E O G  r a t i o s 
w i l l  a l so be a b no r ma l f o r  t h o s e  p e r s o n s  who a re a s ymp toma t i c .  T h e re fo re , 
i f  t he E O G  i s  a b n o rma l f rom b i r t h  i n  t ho s e  who c a r ry t h e  mut a t i on ,  the t e s t 
may be u s ed fo r ea r l y  d e t e c t i on o f  young peop l e  who may become f u n c t i on a l l y  
h a n d i ca pped d u r i n g a d u l t l i fe .  
I n  p e r s o n s  w i t h  we l l - ma r ke d  c h o ro i da l  s c l e ro s i s ,  t h e  E O G  l i g h t  r i s e 
i s  ve ry s ma l l  a n d  the po t e n t i a l i t s e l f  i s  p ro b a b l y  r ed uced (A rd e n , Ba r ra d a , 
a n d  l(e l s ey , 1 9$2 ) . T h i s  does not a p p l y  to c a s e s  o f  o l d  choro i d i t i s  \-Jh e r e  
on l y  a n  i n s i g n i f i ca n t  a rea o f  r e t i n a a n d  p i gmen t e p i t h e l i um h a s  been 
- 3 9-
des t royed . liov-1eve r , i n  s ubj ec t s  \·J i t l 1  a c u t e  d i s s em i n a t e d cho ro i d i t i s .  the 
EOG l i g h t  r i s e i s  ve ry much reduce d . A t  t h e  s ame t i me they have l a rge E RG ' s .  
Ha r a d a ' s  d i s ea s e  i s  a d i f f u s e  b i l a te r a .1 exudat i ve.  choro i d i t i .s w i t h 
r e t i na l  de tachmen t a ccompa n i ed by va r i ous  c u t a neou s a n d  neu r o l og i c  com-
p l i ca t i on s . The EOG i s  a s e n s i t i ve a n d  mean i ng fu l t e s t fo r t h i s  d i s o r d e r .  
A rden , Yee , a n d  H a h n  ( 1 9 73 )  h ave s een a f l a t ten i ng o f  t he EOG a n d  a n  a b no r-
ma l l y decreased b a s e  va l ue i n  t h e  i n i t i a l s t ages o f  t h e  d i s ea s e . The de-
p re s s ed l i gh t  pea k of  the E O G  i n  the i n i t i a l  s tages o f  H a rada ' s  d i sease 
recove r s  w i t h  i mp ro vemen t o f  gene ra l cond i t i on s  even thoug h dep i gmen ta t i on 
i n  t he fun d u s  p rog res s e s . They s ug g e s ted t ha t  d e p i gmen t a t i on o f  t h e  
f u n d us may have n o  re l a t i on to the amp l i t ude o f  the l i g h t  peak of  the 
EOG a n d  E RG �  as  we l l a s  t h e  g en e ra l v i s ua l func t i on s  s uch a s  v i s i on and 
v i s u a l f i e l d s .  The  d e p res s i on of t h e  l i g h t  pea k i n  t h e i n i t i a l  s t ages 
of  Ha�ada ' s  d i s ea s e m a y  c o r r e s pond  to func t i ona l d i s t u rba nces i n  the c h o ro i d ,  
wh i c h ma y h a ve a n  i n f l uence o n  t h e  me t a bo l i c  fun c t i on of t h e  p i gmen t 
ep i t h e l i um . 
I n  m i l d  c h l o roq u i ne  re t i nopa thy Gou r a s  a n d  G u n ke l  ( 1 96 3 )  found i t  
d i f f i c u l t t o  detect  a con s p f c uous  ERG a b no rma l i t y b y  d i f f u s e  r e t i n a l  
i l l um i na t i on .  These l ow f i nd i ng s  s ug g e s t e d  t h a t  ch.J o roq u i n e t ox i c i t y  1t1a s 
l oca l i n i t s e a r l y  s t a g e s  n n d  not d i f f u s e .  The i r repo r t  s howed t h a t  t he 
E O G  wa s n ' t  a s e n s i t i ve i n d e x  o f  m i l d  c h l o ro q u i n e re t i nopa t hy i n  p a t i en t s  
who a re n o  l on g e r o n  ch l o roq u i ne the rapy . 
A rden  i nd i c a t ed t h a t  t he cl1 l o roq u i ne h a d  a d i f f u s e  re t i na l e f fec t 
. 
ea r l y  i n  the  cou r s e  o f  t h e  r e t i nopa t hy a n d  t h a t  t he EOG , n o t  t he E RG . 
\'la s  a mo re s e n s i t i ve mea n s  of  d e t ec t i on o f  th i s  ret i nopa t hy . A rden . 
F r i edma n n . and  Ko l b  ( 1 96 2 )  repo r t e d  t ha t a symptoma t i c  pa t i e n t s  on l on g -
te rm ch l o roqu i ne the r a py h a d  reve r s i b l y  d i m i n i s hed E RG r e s pon s e .  
V a s cu l a r  c h a n g e s  have been repo r ted t o  a f f e c t  the EOG . I t  h a s  been 
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s hown that the I i  ght r i sc cannot occ u ,  i n  t h e  i s c ha em i c eye a n d  t h a t  
expe r i men t a l p roced u re s  wh i c h m i g h t  be expected t o  mod i fy t h e  c i rc u l a t i on 
a f fec t t h e  s ta n d i n g pote n t i a l . A rden , Ba r r a d a , a n d  Ke.l sey ( 1 962)  reco rded 
a b n o rma l E O G  ra t i os i n  eyes w i t h va s cu l a r  pa t ho l og y . Very s l i g h t  deg rees 
o f  v a s c u l a r  i n s u f f i c i en cy or a bno rma l i t y a f fec ted t he E O G  i n  s t r i k i ng 
con t ra s t  to t he E RG vJh i c h w a s  o f ten n o t  a f fe c t e d  un t i l  l a rg e  r e t i n a l  a re a s  
we re i r reve r s i b l y  damaged . They demon s t r a t ed t l1 a t  i n  one pa t i en t  t he E O G  
re t u rned towa rd no rma l a s  t he c l i n i ca l  s i g n s  i mp rove d . A pos s i b l e  p rog ­
nos t i c  s i g� i f i ca n ce may be p resen t .  H y pe r t en s i ve c h a n g e s  i n  t he r e t i na 
a re a s s oc i a ted vd t h  a b n o r ma l l y  sma l l l i g h t  r i s e s  a l t houg h t h e  e l e v a t e d  
b l ood p re s s u re 1 pe r  s e ' d o e s  no t n e c e s s a r i l y c a u s e  a n  abno rma l E O G . 
I n  c a s e s  o f  p roven v i t am i n  A de f i c i en cy , the re may n o t  be n i g h t  
b l i n d n e s s ,  a n d  t he E O G  w i l l  b e  no rma l .  Howeve r ,  i n  pa t i en ts vi i t h v i t am i n  
A de f i c i ency who comp l a i n  o f  n i g h t  b l i nd n e s s  t he E O G  i s  a bn o rma l b u t  i mp roves 
to nea r no rma l a f t e r  t rea tmen t .  When t he EOG does not comp l e t e l y  ret u rn to 
no rma l va l ues t h i s  ma y i n d i ca te some pe rmane� t damage to t he r e t i n� .  
The pos s i b l e  u s e s  of the e l ec t ro-oc u l og ra m  a re s t i l l  b e i ng exp l o red . 
M u c h  o f  t h e  bas i c  g roundwo r k  fo r i t s u s e  ha s been pe r fo rmed i n  t he l a s t  
f i f t een yea r s .  I t s benef i t s w i l l  l i e i n  d e t e rm i n i n g mecha n i sm s  o f  c e r t a i n  
· d i so rde r s , i n  d i a g nos i s ,  a nd may h a ve a pp l i ca t i on i n  p rognos i s .  O n e  of i t s 
s t ro n g  po i n t s  i s  the f a c t  t h a t  i t  ca n b e  p e r fo rmed u n d e r  cond i t  I on s  vJh c n  
t he f u n d u s  c a n n o t  b e  s ee n . Howeve r ,  i t  on l y  p rov i des i n f o rma t i on a bou t 
t h e  r e t i na i n  gene ra l , a n d  c a n n o t  l i m i t exam i na t i on to t he fovea a l on e .  
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M ETHODOLOGY 
T�-Jen t y - s i x  s ubj e c t s  f rom the c l i n i ca l l y  no rma l popu l a t i on of 
Pa c i f i c  U n i ve rs i t y Co l l eg e  o f  O p tome t ry v1e r e  eva l u a t e d  u s i n g t h e  fo l l ow i n g 
e l e c t rod i agnos t i c p roce d u res . A f t e r a b r i e f  c a s e  h i s t o ry to s c reen a n y  
s u� j e c t s  w i th a h i s to r y  o f  r� t i n a l  d i s e a s e  o r  d r ug r e a c t i on s , t h e  s u b j e c t  
s i gn e d  a h uman s ub j e c t  re l e a s e  fo r m .  S ne l l en v i s u a l  a c u i t y v1as t a ken 
t h rough the s ub j e c t ' s  h a b i t ua l co r r e c t i on ,  and i n t raocu l a r p re s s u re was 
me a s u red on an AO N o n - co n t a c t  Tonome te r . The s ubj e c t ' s  a n g l e  a n d  
a n t e r i o r c h a mbe r we r e  eva l ua te d  us i n g t he b i om i c ros cope , a n d  p e r i me t ry 
1t1as pe r fo r me d  us i n g t h e  B romb a c h  a r c  pe r i me t � r , i f  i n d i ca t e d . 
Any s ub j e c t s  w i th co r r e c t e d  v i s ua l a cu i ty l e s s  t h a n  20/40 , a n  I O P  
e xceed i n g 25 mm. I l g , a n  a n g l e  dep t h  of l e s s  t h a n  1 / 4 o f  t h e  corne a l 
t h i cknes s ,  o r  a n y  v i s ua l  f i e l d  de fe c t s  we re n o t  used i n  th i s  s t ud y . 
I n s t i l l a t i on o f  one d rop o f  1 %  T rop i cam i de was pe r fo rme d b i  l a t e r a l l y  
i n  a p p rox i ma te l y  one h a l f  o f  t h e  s u b j e c t s , a n d  t h e  s ub j e c t ' s  p un c t a  
we re b l ocked fo r 1 5  s e con d s  a f t e r  i n s t i l l a t i on t o  p re ve n t s y s t em i c 
a b s o r p t i on .  
I n  p re p a r a t i on for t h e  e l e c t ro-oc u l og r am t h e  s k i n  was w i p e d  w i t h  
a l coho l , e l e c t rode p a s t e  was r u b b e d  i n t o  t h e  c l e a n s e d a re a , a n d  s i l ve r  
c h l o r i de e l ec t rodes we re t a pe d  on t h e  tempo r a l reg i on l a t e r a l t o  t he 
l a t e r a l c a n t h us a n d  a l s o on t h e  s i de o f  t h e  nos e a d j a ce n t to t h e m�d i a l  
c a n t h us on t h e  r i g h t  eye . The i n d i f fe re n t  e l e c t rode was p l a ce d  on 
the p re p a red e a r  l ob e . 
The e l e c t rodes 1-Je re i n s e r te·d i n t o  a Pr i n ce ton App l i e d Re s e a r ch 
Mode l 1 1 3 d i f fe ren t i a l  p r e - amp l i f i e r .  T h e  s ubj e c t  was p ro t e c t e d  f rom 
e xt e r n a l s o u r ce s  o f  c u r re n t  by a V i s e l ec I s o l a t i on Amp l i f i e r .  A Tekt ron l x  
565 O s c i l l os cope was u s e d  t o  d i s p l ay t h e  EOG t ra c i n g s .  The d i f fe ren t i a l  
p re - a mp l i f i e r  a n d  os c i l l os cope we re s e t  J n  AC a n d  D C  record i n g pos i t i on s  
res pect i ve l y .  
The s ub j e c t  p l aced h i s ch i n  on t h e  ch i n  re s t  l oca ted f i ve fee t f rom 
a 2 1  x 4 1  l um i nous d i f f us i n g s c reen and he was a � ked to a l te r n a t e  h i s  g a ze 
b e tween two red f i xa t i on l i gh t s s p aced 30° apa r t  on t he s c reen . The r a t e  
o f  a l te rn a t i on of  t h e  f i xa t i on l i gh t s w a s  con t ro l l ed by a V i se l c c T B I 
a t  a s e t t i ng o f  30 cy c l e s /m i n u t e .  D u r i n g  a f i ve m i n u te p re - a d a p t a t i on 
pe r i od .  a s a t i s fa c to ry bas e l i ne was reco rde d .  
A t e n - m i n u te d a r k  a d ap t a t i on pe r i od w a s  begun w i t h  me as u remen t s  t aken 
a t  one m i n ute  i n te rva l s .  A Hea t h  pen reco rde r 1.,ias used fo r reco rd i n g 
each mea s u remen t .  
The room i 1 1  u m i  n a t i on v�a s  t u rned  up a n d  t he d I f f  us i ng s c reen �1as  
l um i n a ted . The s ub j ec t  was aga i n  a s ked t o  a l te r n a t e  h i s  f i xa t i on .  wh i l e 
me as u reme n t s  we re reco rded fo r ten m i n u tes a t  one m i n ute  i n t e r va l s .  
The r a t i o  be tw�en t h e  1 l gh t  peak a n d  t h e  d a r k  t rough 1>1a s  comp u t e d  b y  
us i ng t h e  mean o f  the l i g h t  p e a k  mea s u remen t s  a n d  t h e  m e a n  of t h e  da rk 
t rough n�a s u remen t s . 
The s u r fa ce e l e c t rodes we re then  removed f rom the s ubj ect 1 s  can t h i  • 
and  one d rop o f  0 . 5% Propa raca i ne was I n s t i l l ed i n to the conj u n c t t va l  s a c  
of  one eye . An a d d i t i on a l i nd i f fe ren t e l ec t rode was p l aced on the o t he r 
e a r  l obe . A M i  I ton Roy ( J acob sen  type ) E RG con t a c t  l en s  e l ec t rode was 
we t te d  w i t h  gon l os cop i c  so l u t i on p r i o r  to p l a c i ng t he e l ec t rode on t he 
cornea o f  the s ame eye t h a t  had p rev i ous l y  been recorded on t he EOG . 
The s ub j e c t  then  p l a ce d  h i s  ch i �  i n to the ch i n  res t a n d  faced the 
gan z fe l d . A b a s e l i ne read i n g was taken , a n d  a d j us t me n t s  we re made to 
reco rd a s a t i s fa c t o ry ERG . Then t h e  l i g h t  adapted s ub j e c t 1 s  E RG was t aken 
th rough bo th red and b l ue f i l te r s , a n d  Po l a ro i d  photog r a p h s  we re t a ken . 
A f t e r  a p p ro x i ma te l y  n i ne m i n u t e s  o f  da rk  a d a p t a t i on ,  t h e  g a n z fe l d  was 
i l l um i n a t e d  by f l as h i ng a G ra s s  PS- 2  Photos t i mu l a to r  v1 i th an i n t e n s i t y 
s e it i n g o f  1 6 .  ERG reco rd i n g s  we re t a ken th rough s cotop i ca l l y  eq u i va l en t  
b l ue and red f i l te rs , and  Po l a ro i d  photog raph s we re t aken . The amr l i t udes 
of  t h e  1 a 1  and  1 b 1  wave s  we re mea s u re d  i n  m i l l i vo l t s fo r the dark a d a p t e d  
con d i t i on s  th rough t h e  b l ue a n d  r e d  f i l te rs and  fo r the l i g h t  a d a p t e d  
cond i t i on s  th rough t h e  b l ue a n d  r e d  f i l te rs . 
The con t a c t  l e n s  e l e c t rode \-las  removed f rom t h e  eye and  the  co rnea l .  
i n teg r i ty v�as  ev<J l u a t e d  w i th t h e  b i or,l i c ro s copc . The s u b j e c t  1:1a s  1,1a r n e d  
n o t  t o  r u b  t h e  a n c s t h c t i s c d  eye , 
I n d i r e c t  oph t i 1 a l mo s copy 1·1 a s  pe r fo rme d v.ri t h  t h e  AO Monocu l a r  O ph t h a l ­
mos cope , a n d  a n y  a b n o rma 1 l t i  es we re reco rded . 35 mm . Kod a ch rome ASA 6 4  
fun d us photog raphs  o f  b o t h  eye s we re t aken w i t h  a KOWA R C - 2  f un d us came r a . 
The I O P  o f  both eyes was re- eva l ua ted , and  t h e  s ub j e c t  was re l eased  when 
co r ne a l s e n s i t i v i ty re t u rned . 
, 
R ESULTS 
Twen ty-s i x  s uq j e c t s  v1e re e va l ua t e d  us i n g t he p re v i o u s l y  des c r i bed 
techn i q ues . The s ubj e c t s  ranged i n  age f rom 24- 79 a l t hough none of t he 
s ub j e c t s  fe l l  i n to t he 3 1 -60  age g rou p .  The twen ty- s i x  s u bj ec t s  s howed 
no ob s e r vab l e  re t i na l  p a t ho l ogy o t h e r  t h an changes con s i s t e n t  v� i th age . 
The s ub j e c t  popu l a t i on i n c l uded 1 3  fema l es and 1 3  ma l es .  The s ubj ec t � • 
r e f r a c t i ve e r ro r s  ranged f rom + 2 . 2 5 D to -7 . 00 D w i t h  r e f r a c t i ve e r ror 
de f i n e d  as the s p he r i ca l  eq u i va l en t  of  the l en s  of  bes t v i s ua l  a c � i ty . 
EOG Re s u l t s  
The me an A rden I ndex fo r t h e  s amp l e  pop u l a t i on was 1 . 9 2  w i t h  a 
s t a n d a r d  dev i a t i on o f  0 . 42 .  The me�n t i me to d a rk t roug h occu r red at  
9 . 3  m i n ut e s  of d a rk a d a p ta t , on .  The me an  l i gh t  peak occ u r red 9 . 1 m i n u tes  
a f t e r  the s ta r t  of  l i g h t  adap t a t i on .  
Con t ra ry to p re v i ous resea rch f i n d i n g s , t he ma l e s 1 A rden I n dex was not 
s t a t i s t i ca l l y  d i ffe ren t  f rom the i n dex ob t a i ned  f rom fema l es i n  o u r  
popu l a t i on s amp l e .  , Re f ract i ve e r ror  a l so s howed no s i gn i f i can t i n f l uen ce 
upon t h e  A rden  I n de x .  
T h e  popu l a t i on i n c l uded Arden I n d i ce s  f rom 1 3  d i l a ted and 1 3  un d i l a ted 
s ubj e c i s . A l t hough the mean A rden I n dex was h i ghe r fo r d i l a ted s ub j e c t s  
t h a n  t h a t  f o r  un d i l ated s ubj ects , t h i s  d i ffe ren ce w a s  not s i g n i f i ca n t  a t  the 
0 . 05 con f i d e n ce l eve l . (Tab l e  1 )  
As i nd i ca te d  i n  p re v i ou s  resea rch , age �tands  out  as a s i gn i f t can t 
i n f l ue n ce on the Arden I n dex.  �ge has  a s t a t i s t i ca l l y  s i gn i f i can t nega t i ve 
co r re l a t i on ( r=-0 . 4 39 ) w i th the0  Arden I n dex. A d e c reased Arden I n dex i s  
a.s s oc i a t ed w i t h  the o l de r  age g roups . (Tab l e  l) .  Ho��eve r ,  the re i s  no  
co r re l a t i on be tween age a n d  t i me of  d a rk t rough or  l i g h t  pea k .  
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Ti\ B l  E i 
Mean Va l ues -:'o r the Arden I n dex 
�p l c  Mean A.  I .  S t a n d a rd De v i a t i on . ,  !� -
Popu l ;::. t i  on L 92 o . 42 2 6  
Ma l e s 2 . 0 2  0 . 5 4 1 3 
Fema l es l . 82 0 . 2 2 1 3 
D i l a ted 2 . 0 7 0 . 5 2 1 3 
Un d i l n ted l .' 77 0 . 20 1 3 
Myope s (-0 . 50 D o r  mo re ) l .  85 0 . 118  9 
Hype ro:,H�S � .  3 3  0 . 2 3  1 1 
I Emme t ropes 2 .  l 8  0 . 5 4 6 2 0 - 30 Age g roup 2 . 2 )  0 . 67 7 
60  .. 69 Age g roup l .  20 ") .  1 9  1 0  
70 - 79 Age g roup 1 .  32 0 .  2 11 9 
ERG Res u l t s  
The mean b ·wave amp l i t udes fo r red a n d  b l ue f i l te r s  un�e r b o t h  d a rk 
and l i gh t  adapted con d i t i on s  a re foun d I n  Tab l e  2 .  The b-wave amp l i t udes 
unde r d a rk adap ted con d i t i on s  we re hi gh l y  co r re l a ted  be tween the b l ue 
The factors of s e x ,  re f ract i ve e r ro r . p up i l . d i l a t i on ,  an d age  we re 
not s t a t i s t i c� 1 1 y  s i gn i f i ca n t  at the 0 . 0 5 l e ve l w i t h  t he b-wave amp l i tude 
o f  the d a rk adapted ERGi . 
TAS L  E 2 
EP.G b-1;1avc Amp l i t ude (ni i 1 1  i V O  1 t S )  
S.:im�l e Mee:;n ,1\me l i t ude S t an d a rd Dev i a t i cri N 
R.ed f i l te r , l i gh t  adap ted 0 . 0 70 o .  0 32 2 5  
B l ue f i l te r ,  l i g h t  adap ted 0 . 065  0 . 0 4 1  2 5  
Red f i i te r ,  d a rk a d a p ted 0 .  1 87 0 . 0 6 9  2 6  
B l ue f i l te r , d a rk adap ted o .  1 88 0 . 078 2 6  
Red , d a rk adapted ma l es 0 .  1 89 o . 0 G9 J 3 
Red , d .J rk ad� p t e d  fema l .:: s 0 .  1 85 0 .. 0 72 l 3 
Red , d a rk .�dapted myopes D�  1 B3 0 . 0 86 9 
Red , d a rk ada;:; t e d  hype rope s o .  1 86 0 . 0 66 1 i 
f!.ed , da rk a d a p ted age 2 0 - 30 0 . 22 8  0 . 0 6 5  7 
Red , d a r k  adap ted age 60-69 0 .  1 4 3 0 . 05 1  l 0 
Red , d a r k  adapted age 70- 79 0 . 2 1 3  0 . 0 65  9 
Red , da r k  ada p t e d  d i  l a t e d  o .  l 74 0 . 06 3  l � 
::tcd I c a :- k  a d a p ted und i l a t e d  0 . 20 3  0 . 075 1 2 
, 
Co r re 1 a t  i on Be t1vecn El�G a n d  EOG 
O u r  i nves t i ga t i on i nd i cated  t he poss i b i l i ty of a co r re l a t ron 
be tween the Arden I ndex and t he dark adapted b-wave amp l i t ude of the ERG . 
The co r re l at i on coe f f i c i en t  for these two i ndependen t var i ab l es was 
0 . 373 ( d f=24 ) , s i gn i f i cant  a t  the 0 . 1 l eve l but not t he 0 . 0 5 l eve l . 
D I  S C  U SS I C.N 
O u r  research i nd i cates  mod i f i ca tl on o r i n ves t i ga t i on i n  the  
fo l l,ow i ng a reas of c l i n i ca l  e l ec t ro-ocu l og raphy p roced u res . S ta t i s t i ­
ca l l y ,  the  mean d a r k  t rough and the  l i g h t  peaks o f  our  s amp l e  occu r re d  
q u i te nea r the e n d  of  t he ten m i n ut e  d a rk and ten  m i n u te l i g h t  cyc l es .  
Fou r  s ubj e c t s  d i d  not ach i eve d a r k  t rough s  un t i l 2 - 3  m i n u t e s  a f t e r  t he 
l i g h t  adapta t i on cyc l e  wa� begun . S i x  s ubj e c t s  were found to have 
re l a t i ve �mp l i t udes  wh i ch were s t i l l  i nc reas i ng a t  the  e n d  of t he ten 
m i n ute l i gh t  adap t a t i on pe r i od .  Fa i l u re to a l l ow t he norma l pa t i en t  
t o  ach i eve h i s  res pec t i ve dark  trough o r  l i gh t  peak cou l d  res u l t i n  
a decreased Arden I ndex . The refore , an i nc rease of d a r k  and l i g h t  
adapta t i on cyc l es to 1 2  m i n u te s  each s hou l d  b e  i ns t i t u t e d  c l i n i ca l l y . 
A s e cond factor wh i ch cou l d  he l p  p roduce an a rt i f i c i a l l y  l ow mean 
Arden I ndex was age . O u r  s t udy i nd i cates  a s i gn i f i cant  decrease i n  Arden 
I ndex w i t h  age . O u r  s amp l e  con t a i ns a p redom i nant  represen t a t i on f rom 
t h e  ove r 6 0  age g roup as 1 9  out o f  26 s ubj ec t s  fe l l  i n to th i s  ca tegory . 
Thus our  mea n  Arden I n dex may not be rep re s en t a t i ve of t he popu l at i on 
as a who l e  and i t ' s  b i ased towa rds  t h e  mo re e l de r l y  segmen t s  of t he 
popu l a t i on .  O f  even g re a t e r  c l i n i ca l  s i gn i f i ca n ce i s  t h e  i nd i ca t i on 
that  pat i en t s w i th s u s pected ret i na l  pathol ogy ca n ' t  be a rb i t ra r i l y  
comp a re d  to popu l a t i on means ob ta i ned f rom s ub j e c t s  who d i ffer  s ub­
s tan t i a l l y  f rom the pa t i ent ' s  ch rono l og i ca l  age . Each pat i en t  mus t be 
compa red to t hose n o rma l s ubj e c t s  o f  the s ame app rox i ma t e  age g roup 
b e fo re va l i d  conc l us i on s  can be d rawn . 
The obse rved d e c rease i n  Arden I n dex w i t h  age may be d ue to  seve r a l  
facto r s . The gene ra l s l ow i ng o f  me t a bo l i c  p roces ses occ u r r i ng i n  ag i ng 
cou l d  u n d e r s tandab l y  a f fect the  h i g h l y  me tabo l i c  s t ruct u res  res pon s i b l e  
fo r p roduc i ng the EOG. Ho\•1cve r ,  the  t i me of d a r k  t rough and l i g h t  
peak d i d  n o t  va ry s i gn i f i can t l y  w i t h  age . Many o f  the s ubj e c t s  i n  t he 
o l de r  age g roups demon s t ra ted changes i n  B r u ch ' s  memb rane s uch as  d r u s en .  
A l though these ch anges seem t o  occ u r  n o rma l l y  w i t h  age a n d  a re gen e ra l l y  
con s i d e red non-patho l og i ca l , t he i r p re s e n ce may s i gn i fy s t ruct u ra l  or  
func t i on a l a l te ra t i on s  wh i ch  may be  re l ated t o  t he decreased Arden I n dex 
foun d  i n  s ub j e c t s  ove r 60 . Fu r t h e r  c l i n i ca l  a n d  h i s to l og i ca l  i nve s t i ­
ga t i ons  on t he e f fe c t s  o f  ag i ng on the  ret i n a l  p i gme n t  e p i t he l i um 
a n d  o u te r � l aye rs  of t h e  re t i n a i s  c l ea r l y  i nd i ca t e d .  I t  i s  i n t e res t i ng 
t o  note t h a t  b-wave amp l i t udes of t he ERG a re n o t  cor re l a ted w i t h  age a n d  
appa ren t l y  t he cen t ra l  ret i n a l  l aye rs a re not i n f l uen ced as m u c h  b y  
n o rma l ag i n g a s  a re the  oute r re t i na l  l aye rs and t he re t i n a l  p i gmen t 
ep i the l i um .  
A l so o f  c l i n i ca l  i n te re s t  i s  t h e  f i n d i ng t h a t  t h e re i s  no s t a t i s t i ca l  
d i f fe ren ce be tween Arden I n d i ce s . o b t a i ned f rom s ubj e c t s  \� i t h d i l a ted 
p up i l s  a n d  s ubj e c t s  w i th  un d i l a ted  p u p i l s .  Th i s  I � d i c a t es t h a t  p u p i l l a ry 
d i l a t i on may not be e s s en t i a l fo r acc u ra t e  c l i n i ca l  a s s e s smen t of t he 
e l ect ro-ocul ogram. As i de f rom the  obv i ous r i s k of p rec i p i t at i ng an  
acu te g l a u coma a t t ack and pat i en t  i n conven i en ce d ue to t he p u p i l l a ry 
d i l a t i on ,  mos t  o f  o u r  d i l a ted s ub j e c t s  exp res sed mode r a te d i s comfor t ,  
exces s i ve t ea r i ng ,  and avo i dance beha v i o r  d u r i n g the e a r l y  phase o f  t he 
l i gh t  adap t a t i on cy c l e .  These symp t oms we re ma rked l y  red uced i n  t h e  
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s ubj e c t s  who d i dn ' t  u n de rgo p up i l l a ry d i l a t i on . A l t ho u g h  t he mea n s  o f  
the A rd e n  I n dex between d i l a t ed a n d  un d i l a ted s ub j e c t s  d i d  not va ry 
s i gn i f i ca n t l y , the mea n  Arden I ndex fo r d i l a ted s ubj ect s  wa s h i g h e r  than 
the mea n  A r den I ndex i n  und i l a te d  s ub j e c t s  (Ta b l e  1 ) .  The a d d i t i on a l 
ret i n a l  i l l um i n a t i on d ue t o  p up i l l a ry d i l a t i on cou l d  concel vab l y  ca u s e  
an i n c rea sed l i gh t  peak amp l i � ude and t h �s a f fe ct the A r d e n  I n dex . 
F u r t h e r  i n ves t i ga t i on i n t o  t h i s  a re a  i s  wa r ran te d .  
The s e q uen c i n g  o f  1 i gh t  a n d  d a r k  a d a p t a t i on cyc l es a s  'r'te l I a s  t he 
con t ro l  of d a r k  a d a p t i n g con d i t i on s  mus t be emp h a s i zed i n  t he c l i n.i ca l 
eva l u a t i on of the e l e c t ro-ocu l og ram.  Seq uen c i n g  t he l i g h t  a d a p t a t i on 
cyc l e  p r i o r to the d a r k  adap t a t i on cyc l e  i n  t he EOG res u l t s i n  a 
s e ve re l y  d i m i n i s he d  Arden I n dex . P l a c i n g  a n  a l ready l i g h t  a d a p t e d  s ub j ec t  
i n t o t h e  l i g h t  adap t i n g cy�l e p rod uces a decreased l i g h t  p e a k  amp l i t ude 
an d u l t i ma te l y  a fa l se l y  l ow Arden I n dex . 
D a r k  adapt at i on con t ro l · i s  a l s o c r i t i ca l  i f  acc u rate A rden I nd i ce s  
a re t o  b e  ob t a i ned . S u ( f a ce . e l e c t rodes mus t b e  a t t ached s e c u re l y  a n d  a n  
a p p rop r i a t e  bas e l i ne a ch i eved p r i or t o  d a r k  a d a p t a t i on .  O n ce d a r k  
a d ap ta t i on h a s  begun , t e chn i ca l  p r ob l ems w i th the reco rd i ng p roce s s  
g e n e ra l l y  req u i re t h e  i l l um i n at i on t o  be t u r n e d  u p  a n d  t h e  s ubj e c t  mus t 
be comp l et e l y  l i g h t  a d a p te d  ag a i n  before d a r k  a d a p t a t i on can be re ­
i ns t i t u te d . A d a r k  adap t a t i on room o r  chambe r des i g n e d  to p ro d u ce 
comp l e te l y  d a r k  con d i t i on s  a n d  l ocated away f rom any pos s i b i l i ty 
o f  ext e rn a l no i s e o r  l i g h t  s t i mu l a t i on s ho u l d  be u s e d  for  cl i n i ca l  
mea s u remen t s  i f  pos s i b l e .  The a b i l i ty to s i mu l taneous l y  record t h e  
e l ec t ro-oc u l og ram a n d  t h e  e l e c t ro r e t i nog ram f rom both eyes i s  a l so 
h i gh l y  des i ra b l e  i n  t he c l i n i ca l  s i t ua t i on .  
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The e l ect ro-ocu l og ram i s  a re l a t i ve l y  easy c l i n i ca l  mea s u reme n t  
to make on v i r t ua l l y  a l l s ubject s , w i th  t h e  on l y  p re req u i s i tes be i ng 
the ab i l i ty of the pat ient  to to l e rate  the e l ec t rodes �on the s k i n  and  
fo r the  s ubject to be ab l e  to ma i n t a i n  reasonab l y  accurate f i xa t i on 
moveme n t s . As the amp l i t ude recorded i s  p roport i on a l  to the amp l i t ude 
o f  excu rs i on of the eyes , i t  i s  i mpor t a n t  to ma i n t a i n  the excu rs i on 
amp l i t ude a t  a cons t a n t  l eve l th roughout the p rocedure w  The subj ect 
i s  a l l ov1ed to p ract i ce. f i xa t i ng un t i l rea sona b l y  accu rate f i xa t i on s  a re 
ach i e ved.  Exces s i ve ove rshoot s  or  unde r shoots  a re eas i l y observed on t he 
EOG reco rd i ngs  and these m i s f l xa t i on s  can be e l i m i n a ted  f rom the mea s u re ­
men t  of the  /\rden va l ue .  Add i t i on a l reco r d i ng s  o f  changes i n  f i xa t i on 
can be made un t i l a s uff i c i en t  n umbe r  o f  accurate f i xa t i on s  a re pe r fo rmed 
by the  s ubj ect • .  
A l though a n  EOG record i ng can be made on pat i e n t s  w i t h  g rea t l y  
l owered acu i ty ,  nys tagmu s , or poor f i xa t i on a b i l i t i es these record i ng s  
do not accurate l y  ref l ect t h e .  funct i on a l s ta t e  o f  the re t i na l  p i gme n t  
e p i the l i um b u t  a re meas u re of t h e  amp l i t ude  o f  t h e  pat i en t ' s  nys tagmus o r  
poo r :. f ixa t l on ab i l i t i es . U s e d  i n  t h i s  man n e r  t he EOG s hows poten t i a l 
i n  the a rea o f  v i s ua l  the rapy fo r pat i en ts w i t h nys t agmus , eccen t r i c  
f i xa t i on ,  and  poor s accad i c  or  f l xat i on a l  ab i l i t i es as accuracy of 
f i xa t i on can be obj ect i ve l y  as ses�ed  an d pe rmanen t l y  recorded fo r 
fut u re refe rence . 
Acco rd i ng to ou r resea rch , there was no s i gn i f i ca n t  co r re l a t i on 
be tween A rden I ndex and sex or Arden I ndex and ref ract i ve e r ro r  i n  o u r  
popu l at i on . T h u s  the hypothe s t s  t h a t  ax i a l  l en g t h  s i g n i f i ca n t l y  a f fects  
the Arden I n dex needs  f u r th e r  eva l u a t i on .  
O u r  s t udy i n d i cates  that  t he e l ect rore t i nog ram i s  re l a t i ve l y  
i nd e p e n d e n t  o f  exte rna l facto r s  s uch a s  age , s e x , r e f r act i ve e r ro r , o r  
s ta t e  o f  p up i l s i ze .  A l t hough t h e  mea n  d a r k  a d a p ted b -wave amp l i t ude 
was h i ghe r for the younge r age g ro u p s  than for t he o l de r  age g roups 
(Tab l e  2) , t h e s e  d i f fe rence s  we re not s ta t i s t i ca l l y s i g n i f i ca n t  i n  o u r  
popu l a t i on .  F u r th e r  res e a r ch on t he e f fe c t s  o f  age on the b -wa ve amp l i ­
t ude o f  t he ERG i s  i n d i ca ted . 
A very h i gh co r re l a t i on be tween t he d a rk a d a p t e d  b -wave amp l i t udes 
w i t h  red a n d  b l ue f l  l te rs was ob t a i n e d . Th i s  i n d i c a t e �  that t he f i l te r s 
u t i l i ze d  i n  t h i s  re s � a rch a re s cotop i ca l l y  b a l a n ce d  f o r  t he n o rma l 
o b s e r ve r .  I t  i s  a l s o i n d i c a t e d  t h a t  n i ne m i n u tes o f  da r k  a d a p t a t i on 
i s  adeq u a te t i me to ach i e ve d a rk a da p t a ti on fo r e l e c t r o r e t i nog raphy  
i n  n o rrna l  s ubj e ct s . 
Eva l ua t i on of t he c o r n e a l ep i th e l i um a f te r  comp l e t i on o f  e l e c t ro­
re t i nog raphy p roce d u res y i e l ded s l i g h t  t o  mod e r a te s t a i n i ng i n  a l l 
s ub j e ct s . Exce s s i ve movemen t o f  t h e  eye un d e r n e a t h  t he cor1 ta c t  l en s  
e l ec t rode o r  mo re than 2 5  m i n u t e s  of wea r i n g t h e  con t a c t  l en s  e l e c t rode 
gene ra l l y  a c ce n t ua te s  t he a re a  and the amoun t of cornea l s ta i n i n g .  
I ns t ru ct i ng t he s u b j e c t  to m i n i m i ze eye moveme n t s  vl i t h t h e  con t a c t  l en s  
e l e ct rode i n  p l a ce a nd m i n i m i z i ng t he wea r i n g t i me of t h e  e l ect rode can 
re duce the amoun t and s eve r i ty of co rnea l s t a i n i n g .  I n  a l l b u t  one case 
the cornea l e p i t he l i um hea l ed w i t h o u t  comp.l i ca t i on s . \·t i t h i n  2 1• hou r s . 
The on l y  excep t i on was d ue t o  a s e l f- i n f l i cted co rnea l a b ras i on wh i ch 
occ u r red two d a y s  fo l \ O\" i ng t h e  e l e c t rore t i nog r aph i c  p roce d u res . Howeve r 
i t  s h ou l d be emphas i zed to a l l p a t i en t s  not to r u b  the eyes fo r a t  l ea s t  
one hou r  a f t e r  i n s t i l l a t i on o f  the l oc� l a nes t he t i c  t o  p re ve n t  se l f­
i n d uced co rne a l t ra uma . 
Add i t i on a l re s e a rch on me t hods to red uce t h e  co rne a l t ra uma caused 
by· e foc.tro re t i nog raphy ( i . e .  hyd roph i I i c  con t a c t  l e n s  e l ect rodes , my l a r 
e l e c t rode s , e t c . ) shou l d  be i n ves t i g a te d . 
A l t hough s omewha t  more d i ff i cu l t to ob t a i n  techn i ca l l y ,  the e l ect ro­
re t i nog ram i s  pe r fo rma b l e  on a l l s ubj e c t s  who can to l e ra t e  t he con t a c t  
l en s  e l ect rode a n d  a re n o t  a l l e rg i c  to l oca l an e s t he t i cs .  A l t houg h  the 
s u b j e c t ' s  a b i l i ty to ma i n t a i n  s t a b l e  eye pos i t i on and  con t ro l  b l i n k i n g 
movemen t s  a re he l p f u l  i n  the reco rd i n g p rocedu re , t hey a re not  es sen t i a l , 
a n d  s a t i s fa c to ry ERG s can be reco r ded even w i t h  t he eye l i ds c l os ed . D u r i n g 
t he pe r forman ce of d a r k  a d a p te d  e l ect ro re t i nog rams a few s t i mu l us tes t 
f l  a s he s  can be accomp l i s h e d  11 i thout fea r o f  l i g i l t  adap t i ng t he s ubject  
a s  l on g  a s  the f l a s hes a re few a n d  not  con cen t ra ted d u r i ng a sma l l 
i nc remen t of  t i me .  
I n  o u r  s t udy we d i s cove red a s l i g h t  co r re l a t i on between da rk a d a p ted 
b-wave amp l i t udes and  the  Arden I ndex s i gn i f i ca n t  at the 0 . 1 l eve l of  
con f i den ce . A l t hougll  t h i s  co r re l a t i on was not  ove rwhe l m i ng l y  s i g n i f i can t ,  
i t  doe s s uppo r t  some i n te res t i ng con ce p t s . The e l ec t ro re t i n og ram and  t he 
e l ec t ro-oc u l og ram appea r t� mea s u re re l a ted b u t  not  neces s a r i l y  t h e  s ame 
e l e c t rophys i o l og i ca l  p roces ses . Some of t he a n a t om i ca l  sou rces of the 
e l e c t ro re t i nog ram and e l ec t ro-ocu l og r am may be e s sen t i a l l y  the s ame , b u t  
e a c h  poten t i a l may rece i ve i np u t  f rom anatom i ca l  s o u r ces not  p re sen t 
i n  the  o th e r .  These f i nd i ng s  a re not s u r p r i s i n g i n  v i ew of the c l i n i ca l  
ob s e rva t i on s  o f  t he ERG and  EOG i n  re t i na l  p a t ho l ogy . I n  some i n s t a n ce s , 
the  ERG and  EOG a re rema rked l y  s i m i l a r  i n  eva l uat i n g the funct i ona l s ta te 
of  the  ret i na ,  whe reas i n  other ca ses  t he two p rocedures g i ve oppos i n g 
o r  con t rad i ctory i n fo rma t i on on ret i n a l  s t a t e .  A deepe r a n a l ys i s  o f  
the re l a t i on s h i ps be tween t he ERG and  EOG cou l d  conce i va b l y  s upp l y  an swe r s  
to many con found i ng q ue s t i on s  a bou t r e t i na l  phys i o l ogy i n  n orma l a n d  
abno rma l s t a te s . 
_ cm ct u s 1 m  s 
We h ave s hown t h a t  e l e c t ro-ocu l og ra p h i c  a n d  e l e c t ro re t l nog r a p h i c  
me a s u reme n t s  can b e  re l i a b l y  pe r fo rmed i n  an op t ome t r i c  s e t t i n g .  T h e s e  
e l e c t rophys i o l og i ca l  mea s u remen t s  c a n  g i ve c l i n i ca l l y  va l u a b l e  i n fo rma t i on 
on t h e  f u n c t i on a l s t a t e  o f  t h e r e t i n a f rom t he ret i n a l  p i g me n t  e p i t h e l i um 
t o  t he i n n e r  n u c l e � r  l aye r .  
C l i n i ca l  no rms f o r  ERG a n d  EOG we re e s t ab l i s hed us i n g a p res c r i b e d  
s e t  o f  con d i t i on s  a n d  p roced u re s . A s t a t i s t i ca l l y  s i g n i f i can t n e g a t i ve co r­
re l a t i on b e tween age and A r den I n dex wa s repo r t e d , i n d i ca t i n g t h a t  c l i n i ca l  
n o rms for each a g e  g ro u p  i n  t he po p u l a t i on mus t b e  e s t a b l i s hed . Pa t i e n t s  
w i t h  s u s pected re t i n a l  p a t ho l og y  s ho u l d  b e  eva l u a t e d  a g a i n s t  no rma l s  
f rom t h a t  p a t i en t ' s  a g e  g roup . 
The f a c t o r s  o f  �ex,  re f r a c t i ve e r ro r , a n d  p u p l l l a ry d i l a t i on h a ve 
no s i g n l f i can t e f fe c t  on d a rk a d a p t e d  b -wave amp l i t u d e s  of t h e  ERG . 
The p roce d u re s  o f  ERG a n d  EOG can be pe r fo rme d c l i n i ca l l y  w i t ho u t  
d i l a t i on a n d  n o t  s i gn .i f i can t l y  a l te r  the va l i d i t y o f  t h e s e  me a s u reme n t s . 
The r e d  a n d  b l ue f i l t e r s  u s e d  i n  t h i s  expe r i me n t  we r e  s hown to be 
s cotop i c a l l y  b a l anced .f o r  no rma l s u b j e ct s , and can t h u s  be co r re c t l y  
u s e d  i n  t h e  eva l ua t i on o f  pote n t i a l l y  a b n o rma l con d i t i on .  
A s l i g h t  co r re l a t i on be tween the Arden I n dex a n d  t h e  d a r k  a d a p t e d  
b ·wave amp l i t ud e  o f  t h e  ERG was o b s e rved i n  ou r popu l a t i on .  T h e  
pos s i b i l i ty o f  t h e  ERG a n d  EOG b e i n g p rod uced by d i s t i n c t  y e t  r e l a t e d  
a n a t om i ca l  an d phys i o l og i ca l  s ou r ce s  requ i re s  f u r t h e r i n ve s t i g a t i on .  
I n  f i n a l  e va l ua t i on ,  b o t h  e l e c t r o r e t i nog r a p h y  a n d  e l ec t ro-ocu l og raphy 
a re u s a b l e  c l i n i ca l  o p t ome t r i c  techn i q ue s .  E l e c t r o re t i nog r a p hy a n d  
- 5 3-
e l e c t ro-oc u l og r a p h y  s ho u l d  be pe r fo rmed on a l l p a t i en t s w i t h  s u s pe c t e d  
re t i na l  pa t ho l ogy . The s e  t e chn i qu e s  shou l d  a l s o be u t i l i zed t o  r u l e  o u t  
re t i na l  ca u s e s  i n  p a t i en t s  w i t h  �nexp l a i ned dec reased v i s ua l  a cu i t y 
o r  v i s u a l  f i e l d  l os s e s . J ud i c i ou s  u s e  o f  t he t e c h n i q u e s  o f  e l e c t ro­
ocu l og ra p h y  and e l e c t ro re t i nog raphy can e n h a n ce t he optome t r i s t ' s  
d i a g n os t i c ,  p rognos t i c .  a n d  t h e ra p e u t i c  p rowe s s  a n d  ben e f i t  t h e  
pa t i en t  a cco rd i ng l y .  
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1 .  Ins tituti on 
A .  Title of Froject 1 
SUBJECT RELEASE FORM 
Cli ni cal Relationships of Electro-oculogram 
and Electroretinogram 
B .  Pri nci ple Inve stigat ors : Lor�a Ca ry and Roger Zollma n 
Ropert L.Yolton , O .D . , Ph . D .  C .  Advis or r 
D .  Loca t i on s 
E .  Date 1 
2 .  Desc ripti on of Fro,i ect 
Facifi c Univers ity College of Optometry 
Forest Grove , Oreg on 
This proj e ct will involve electroreti nogram and electro-oculogram a� 
the clini cal proc edures neces sary for their impl ementation . Measure­
� ents will be �ade by pla c i ng skin electrodes on either sid� of one eye 
i n  EOG measurements . A contact l ens electrod e wil l  be used for ERG 
measure'llents . In ord er to perfol"!"l the above d iagnostic test s , a 
'Tl,yd riat i c and a l ocal anestheti c will be used . Slit la:mp evaluation of 
the anteri or cha'llber a nd t onometry will be done prlior to instillati on 
of the above d ru�s . Vi sua l fields (perimetry ) , ind i rect ophthalmoscopy ,  
and fundus photo(J'raphy will b e  performed in order to categoriz e 
subj ects i nto normal and abnormal groups . 
) .  De s cripti on of Ri s ks 
The!'e have been i nfrequent reports of m.ild skin irritation from the 
a ppli cation of e lectrode paste . Risks from the record ing d evices a re 
minh1al and are only those associated with the use of mod ern and s ophis­
t i cated electroni c d evi c e s  routinely used in health profe s si onal 
envi ronm ent s . Instill ati on of topical d rugs may caus e te�porary mild 
i rritA ti on or s t i nging . Mydriatics can precipitat e angl e-cl osure 
�lauc oma al though thes e drugs a re routinely used by ophthalmologists 
and optometri sts , and all necessary pre cauti ons will be taken . 
A ller�ic rea cti ons to local ane�th e s i a  h a ve been reported , however ,  
reacti ons t o  th e l o ca l  anesthetic u s ed i n  thi s s tudy are extremely rare . 
4 .  Des crict i on of Benefit s 
Th i s  study wi ll s e rve three bas i c  purposes s 
A .  It i s  the �roundwork for the establ ishment o f  a c omplete electro­
d iagnostic c l i n i c  at fac i fi c University . 
B .  It will increa s e  clin i ca l understanding of the uses and relati onships 
between ERG and EOG in optometry . 
C .  It will prowid e di agnos tic i nformati on regard ing potential or 
exi sting d iseases of the eye and reti na . 
5 .  A l ternat ivA Adva ntages 
Optometry s tudents wh o are subjects will become more familiar with 
clini cal electrod i a gnosti c procedures . 
� .  Offer to Answer a�y Inguiri e s  
The experi�Anters will b e  happy to answer any questi ons that you may 
have at a ny t im� during the course of this study. 
? .  Freed o� to Withd raw 
You are free to withdraw your cons ent and to discontinue participation i n  
this project o r  a.ct1 vity a t  any ti"!e wi thoug pre:udice t o  you . 
8 .  Subject ' s  His tory 
A .  Have you or anyone in your family been dia?nos ed a s  having any 
disea s e  of the retina ? 
NO 
YES Please expla in:.....����������������--���
B .  Have you ever had adverse reactions t o  d rugs or �edication ?  
NO 
YES Please ex�la i n  
����������������������� 
I have read and understand the above . I am 18 years of age . or over . 
Signed Date 
AUTHORIZATION FOR USE OF DPA 
Patient Name Age 
Generic name of DPA Concentration 
P'"eason. for -tl s e : 
Antic ipated bene f i t  from use : 
Cl inician ' s  name 
a . m .  
Date Time of administration of DPA 
--
-------- p . m .  
----- - --- -- ---
Staff 
Comrm:"nt�: : ( if adver s e  reactio ns noted ) 
Pat i e nt ' s  Nam e 
Addre s s  
E LECTRODIAGNOS T I C  CLI NIC 
Pa c i f i c  Un i v e r s i ty 
Coll e g e  of Optometry 
M F 
fu t e  o f  B i r th 
T e l ephone 
Rea s o n  for r e f e rral to the Electrod 1agno s t l c  Clinic.i ______ _ 
H i s tory o f  sys t em i c  d i s ea s e : __________________ _ 
H i s t ory o f  o cular d i s ea s e / i n jury : ______________ �--
H i s t ory of drug r ea c t i ons : 
�----�----�--------� 
S l i t Lamp Exam i na t i on :  
O D  Ant e r i or Chamber angle open 
f lare/c e l l s  
angle o p e n  
flare/c e l l s  
1 
0 
3/4 
1 
J/4 
1 
t l e s s  than � 
. os Ant e r i or Chamber 
Med i ca t i ons : 
1 
0 
2 
� 
2 
----------------- a dmi n l s  t e r e d  at 
4 
l e s s  
4 
than .1. 4 
a . m .  
p . m .  
a . m .  
p . m .  
0 
t1 H 
� H 
0 
H 
ti:> 
:;-;:: 
Re fra c t ive Error : 
Man i f e s t : OD����������� VA ��������-
Cy clopleg l c s  
OD ·����������� 
Oph thalmo s c op y : d i re c t  
OD 
Media. 
D i s c  
Tonom e try : 
OD 
OS 
ind i r e ct 
Pa t i ent ' s  reacti ons during exami na t i on : 
VA 
VA 
R . m . 
P a t i e nt r e l eas ed at : ���������-Po;...:..;•rn;..;.;..:..• 
Examiner 
Exami ner 
OS 
Da t e  
Advi s or 
).;:'· -<t ":"'� - 4.· _, · , �· ": :r.-.. :, .....,_,.:. ,., .• - :·- ·; . . . ·., . . :' __ � •- �·�:-- .. '-t1r6'·)��r. '"'.:r::'�.:;;;.i. - --�· -�· •)'"'''.·...; :4-\.\;�"''"� ;,.""·\.'. • .,r-'.'��'."' �.-:-:.#:..:-:;;·:;;.·�j -,, " · -���t;p:.iJ:·��··�- - :•· ·_�·1'.:.•;.�::�,;d+.>;'r.•' '" .:;',• . 'lo;•.-�rc;">'.'.-:- � ...... ". --��;;;-::·: 1 � < � " . . �: ·. : "}-�� ,f''=-� /;·:;.1\�"�-• "':lr-o\ �?�.���<�-;;:::,.;,��. • :tfl:-7��"1;'<·.if',f"'.'"<'i: ./lf-;�.· .. 
- .. . .. . - � . 
E_RG . ..:.. : . ·: �· .. .  - ' 
-· ""
· 
�
 . � :  �·· �:�� ��: � � 1 ��:���:�i�·!\! "': 
. I ' . .  " I  ' I , ... �1 .. _,(J . .. · .. . 
I ·' 
J . /\ .  Age 30 M a l e  
O . D .  Un d i l a t ed 
. .. ('. ,  
Da r k  Ad a p t e d , Red f i l t e r  0 . 2 4 mv �-· 
O .  l Vo l t s /d i v  
o .  1 s e c / d i v  
r. . ' 
G a i n= 2 0  8 i f fe re n t i a l  Amp 
80 l s o l a t t on Amµ 
. � .  ' ' . 
D a rk A d a p t e d , B l ue f i l t e r  0 . 2 4 mv 
" ,, ' 
· ... ,'
"-
' •  
� ' 
• , 
.• · . 
J . A . Age 30 � la l e  
O . D .  D i l ated 
ARD E� l.l D EX  = 2 .  9 7  
5 0  
4 8  
h6 Lf4 
42 
At1 PL I TUD E 
( Re l a t i ve Un i jg) 
36 
3 4  
3 2  
30 
2 8  
26 
2 4  
22 
2 0  
1 8  
1 6  
1 4  
1 2  
J O  
8 
6 
4 
2 
D a r k  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
i 
I 
r 
I 
da rk t rough= 1 5 . 1 
I 
I 
I 
I 
I 
L i gh t  
l i gh t  peak= 46 . 7 
t I 
l- � I I I ! I I I f t I I I I F I I I I , -
2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 0  
i 1  H J  U T  ES 
:'"·.•- -. - ·
·
-·· -
...,..... . ;·-·:-·-r··-,--'!""·-
- ·-
---- - �---· --::=-.:.. . i:-�J.=-.I:� -� �· - - . .  - , . ---:--_:::-_:_·· �-�_:-:- · ; ::�-=:..: -�-:�::- -:._-=- .  ___ :·=--��-, - " .:.. _:=·.::�;.=-=�-T� �-�-:_: ;:-:-::-: ; . " - - -- t· 
R . B .  Age 7� Ma l e  
O . D .  Und i l a ted · 
I 
Dark  Ada pted , Red f i l te r  0 . 22 mv 
0 , 1 Vo l t s /d i v  
0 . 1 s ec/d i v  
G a i n= 2 0  D i fferen t i a l  Amp 
80 I so l a t i on /\mp 
Da rk Adap ted , B l ue f i l te r  0 . 1 8  mv 
/\11 PL I TU D E 
( Re l a t i ve . 
Un i t s ) 
R . B .  Age 74 t1a l e  
O . D .  Un d i l a t ed 
. ARD E� I ,� D EX= 1 .  97 
D a rk 
I 
I 
I 
r 
r 
I 
I 
I 
I 
r 
I 
I 
I 
I 
t 
I 
f 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
. I 
d a r k t rough= 1 1 . 2 5 I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
' 
I 
I 
- I 
c • I 
L i gh t  
l i g h t  p e a k= 22 . 1 4  
-�LI: \_:: 2;- �uj 4 § 6 ]' "(! ij 16 . I \  12 1 3  J°4 15  16 15  i'B J'9 :!o 2i l� 
:�-� � .�:�=·=-,-r:�=� _-,-J �ti�i- >. = =-·�--� �i��t��- , ·=- =�===�tr:-�
-
:��-- t1 I� UT E;(:· �. =���;=:.::--= :=-�2-;-• �-=::.-:= .=-- ; - - , · �-: -� � - �-�==� �-:�- . 
-
·. ��-:-:�..+ :_ 
L . J . C .  l\ge 2 11 Fema l e  
O . D .  Un d i  l a t e d  
I 
I 
' I \  
1 \ 
: I ' 
I 
. ' 
I :  
"'{ _____ __:::Lj_gh t Ad a p t e d , Red f i l te r O . O l� mv I L i g h t  Adap ted > B l ue f i l t e r  0 . 0 4 
I 
! l I i i \  
\ '  
\ 
i 
\ 
I 
i 
� 
Da rk A d a p t e d , Red f i l t e r  0 . 1 3  rnv : :  Da r k  Ad a p t ed , B l ue f i l te r  0 . 1 3  
---------�-------------� ------
0 . 1  Vo l t s / d i v  
0 . 1 �ec/tl i v  
G a i n=20 D i f fe ren t i a l  Amp 
80 I so 1 a t  i on /\mp 
L . J . C . Age 2 4  Fema l e  
O . D .  Un d i l a t e d  
ARD E� 1 :·l D EX= l • 60 
/\M P L  1 TUD E 
( Re l a t i ve Un i t s )  
1 2  
1 J 
1 0  
I 
, .  
9 
8 
7 
6 
5 
4 
3 
2 
I Dark L i g h t  
l i g h t  pcak= l l . 2  
d a rk t rough= 7 
2 3 11 5 6 7 8 9 1 0 l I 1 2 1 3 1 4 1 5 I 6 1 7 . l 8 1 9 2 0 - 2 1 
M l rWT ES 
_ __ ....!. _ _ • ···--· -- --··· -�·-··----· --+--+----�· �--�--- ··--·- ---.;..···------�--·--- - �c -· - - - � -�-"::�=�� :����-����-� -�-=:�-=:-i--=-==!-==-� �-=--���=�::=-�-� �--�:��_;�_ 
T ' 
E. C .  Age 76 t \a  1 c 
O i D . D i l a ted 
1 1  I I 
I , l ' 
! I : l I I 
f--._ 
I 
I 
I 
! 
· 1  
I i L i g h t  /\d a p t:-ed , fled f i l te r  0 . 0 7 mv ! \ L i g h t  Ad a p t e d , B l ue f i l t e r  0 . 04 mv �������--������������--��������������������
O ,  l Vo l t s / d i v  
O .  1 s e c/d i v  
G a i n = 2 0  D i ffe ren t i a l  Amp 
80 I so l a t i on Amp 
Dark Adapted , B l ue f i l t e r  0 . 1 9  mv 
0 :$ .vo lts /d i v  
.• 
_ 11· '·- 1 . ; ·  o . , 1 . sec/d i v 
' '  • • , • •  1 f .. ,f 
.. _t:, · · , ·  . ..  • .. . .  ' ".,t",i.1 . ' ;.• •. ·... " .� , ., ,
. 
' .; 
G a. i h.,_: · 20- D i ffe ren t i a l · Amp 
80 I so  l a t  i .on Amp · 
. : , 
' � ! 
Dark Ada p ted , Red f i l te r  0 . 1 9  mv 
l . H . C t : Age 7 3  Fema l e  
O . D .  Un d i l a ted 
ARD E� I N D EX= 2 . 0 1  
1 9  
1 8  
1 7  
1 6  AM PL I TUD E 
( Re l a t i ve Un i t s ) 1 5 
1 4 
1 3  -
1 2  
1 1  
1 0  
9 
8 
7 
6 ,  
5 
4 
3 
2 
1 i g h t  peak= 1 9  . 
D a rk L i g h t  
d a r k  t ro u g h= 9 . 4 7 
2 J 4 S G 7 B 9 1 0  1 1  1 2  1 3  1 4 1 5  1 6  1 7  1 8  1 9  2 0  
M IN UT ES 
---� - ���:j-J=-;��-?..::�=i=--=-�-� : :-·:�=-�--�;�� -:�:=Ei.�i :� - . --- -· -- · ---· 
. 
-· - -
---
-
� 
- . .  ·-� --i - ··--l-·• - 1-- -� 
r ---- t" "-----+.--:.._�·- �; _. 
D . F . Age G 9  Ma l e  
O . D .  D i l a ted 
L i g h t  Adap ted , Red f i l t e r  0 . 0 3 mv 
Da rk Ad a p ted , Re d f i l t e r  o .  1 2  mv 
O . l  Vo l t s / d i v  
O . l s ec/d i v  
G a i n= 2 0  D i f fe re n t i a l /\mp 
80 I so l a t i on Amp 
l 
I ;  
' I  
1 1 
: 1  ! \  
, ,  
j i  
' i  
I 
i 
1 . 
i i  
i '  I 'I 
' j  
: 1 I ; 
I 
: 1  
\ 
I 
I 
I 
·l 
i 1 1  I ·  
! l 
: I ' '  
L i g h t  Adap ted , B l ue. f i l te r  0 . 0 3  
Dark Ad.:iphd, Dl'ue f'i her O:..+f-n 
-
�- �.. ..... . - """' - .............. J<.-..._;:......������ 
�=-��_..:�--� ----.�··-�- - -·-- - - - - __ · _�_ -;-��---·-·�----- - "---�=�- ·; -, -,---..,---- --- -�------- ----
-�----··-: · -- - � o . F : Age69 Ma l e  
· O . D .  D i  l ated 
A R D  E� IN D EX= 1 .  l1 8 
2 1  
20  
1 9  
1 8  
1 7  
1 6  
1 5  
l 11 
AM PL I TU D E  I 3 
( Re l a t i ve Un i t sD · 
1 2  
1 1  
J O  
9 
8 
Da rk 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L i g h t  
l i gh t peak= 1 9 . 55 
da rk t rough= 1 3 . 13 
l- -- -,---. ·1-1 
2 3 4 5 6 7 8 9 1 0  I 1 1 2  I 3 .1 4 1 5  1 6  1 7  1 8  1 9 2 0  
M I N U T  ES 
G . F . Age 6) Fema l e  
. O . D .  D i  l a t e d  
L i g h t  Ad a p t e d , Red f i l te r  O . OG mv 
Da rk Adap ted , Re d f i l t e r  0 . 2  mv 
0 . 1  Vo l t s /  d i v  
O .  1 sec/ d i v  
G a i n= 20 D i f f e ren ti a l  Amp 
80 l so l �t i on Amp 
L i g h t  Ada p ted , B l ue f i l te r  0 � 0 5  mv 
D a r k  Ada p t e d , B l ue f i l te r  0 . 2  mv 
G . F . Age 65 Fema l e  
O . D .  D i l a ted 
ARD E� H D EX = 1 . 85 
1 6  
1 5  
1 4  
1 3  
1 2  
1 1  
J O  NI PL I TU D  E 
( Re l a t i ve Un i ts )
9 
8 
7 
6 
5 
4 
3 
2 
} 
-· - - - ·  - .. -......; 
2 3 
-- .,._._.---- --+-- ----· ·+�--- --
-· - �. - , .. L __ ,, __ 
Dark  
I 
4 5 ' 6  
L i g ht  
1 i gh t  peak= 1 5 .  7 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
! 
I 
I 
dark  t rough= 8 J S  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I I ' I 
7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20  
M I N U T  ES 
- --..-.--------------------------------�- -� .. - . • -!!"!"'!-• .  - -�'�-------...... ===========================�---�· -�·�,.  .  ======-
/ .  
P . G .  Age 75 Fema l e  
0 .  D .  D i  l ated 
L l gh t Adapte d , Red f i l te r 0 . 1 3  mv 
D a rk Ad apted , Red f i l te r  0 . 2 3 mv 
0 . 5  Vo l t s /d i v  
0 . 1  sec/d i v  
G a i n= 20 D i fferen t i a l Amp 
80 I so l a t i on Am� 
L i g h t  Adap ted , B l ue f i l te r  0 . 1 6  mv 
D a r k  Ada p ted , B l ue f i l te r 0 . 2 3  mv 
P . Q .  Age 75 Fema l �  
O . D .  Un d i  l a ted 
ARD E� l : I D EX=2 . 0 l  
2 2  i 
20 -I 
1 8  J 
- : � 1 AM PL I TUD  E . ( Re l a t i ve Un i t s )  
1 2  II 
1 0 ·  
s I 
:, 
6 
4 � 
2 
�-..:___._�_;_____ ___ i....__. -------
D a r k  
Da rk t rough= 1 0 . 36 
2 3 4 5 6 7 8 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
9 1 0  1 1  
L i gh t  
- .- .. 
1 2  1 3  1 4  1 5  1 6  
/WJ U T ES 
l i g h t,, pea k=2 0 .  75 
I I _1 
1 7  1 8  1 9  20  
..r 
� . H .  Age G 5  Fema l e  
0 i D .  D i  1 a tcd 
L i g h t  Ad a p t e d , Red f i l te r  0 , 06 mv 
I 
I ·  
I 
I 
I 
I 
D a rk A d a p t e d , Red f i l t e r  0 . 20 mv 
0 ,  l Vo l t s /d i v  
0 . 1  s e c/ d i v  
G a i n= 20  D i f fe re n t i a l  Amp 
80 I s o l a t i on Amp 
L i g h t  Ad a p ted , B l ue f i l t e r  0 , 04 mv 
D a r k  Ad a p t e d , B l ue f i l te r  0 , 2 0 mv 
A . H .  Age 6 5  Fema l e  
O . D . D i l a ted 
ARD E� l'l D EX:: 2 .OO  
2:}. 
20 
. 1 9  
1 8  
1 7  
1 6  -
1 5  
AM PL I TU D E - 1 4 
. ( Re l a t i ve Un i t s )  
1 3  -
1 2  
1 1  -
1 0  
9 
8 
7 
6 
5 -
l i g h t  pea k= 20 . 35 
Da r k  L i g h t  
da r k  t rough= 9 .  1 7  
2 3 .4 5 6 7 8 9 l 0 l I l 2 1 3 1 11 1 5 I 6 1 7 1 8 1 9 2 0 
�1 1 :-l UT ES 
D . H .  Age 6 8  1 \ a l e  
O . D .  D i  l a t e d  
" ght Ad apt e d ,  Red f i l t e r  0 . 02 mv 
-----�Da rk Adapted, Red fil ter 0. 1 1  mv 
C) . 05 Vo l t s /d i v  
O .  l s e c/ d i v  
G a i n= 2 0  D i f fe ren t i a l  Amp 
80 I s o l a t i on Amp 
i 
i I 
I 
I 
1 ·  
> i  
i i  
I 
I . I  
L i gh t  /\ d a r t e d , B l ue F i l t e r  0 . 02 mv 
Dark Adapted, Blue fi lter 0. 10 m� 
- D . H .  Age 6 8  Ma l e  
O . D . Un d i l a ted 
ARD E� t� D EX= 1 • 7 1  
AM PL I TU D E  2 5 j 
( Re l a t i ve Un i t si4 
2 3  i 
22 I 
2 1  
20  
1 9  
1 8  
1 7  
J G  
1 5  
1 4  
1 3  + 
1 2  J 
1 1 1 1 0  
Da r k 
2 3 4 5 6 7 
l L i g h t  
I 
1 
I 
I l i g h t  peak= 2 3 . 75 
I 
I 
I 
I 
d a r k  t rough= 1 3 . 9 3 
I 
I 
I 
I 
I 
I 
I 
I 
8 9 1 0  1 l 1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 0  2 1  2 2  
11  l'J UT ES 
B . K. Age 66  Fema l e  
0 .  D .  D i  l a t e d  
L 1 gh t Adap t e d , _  Re d f i l t er 0 . 0 4 mv 
Da rk A d a p t e d , Red f 1  l tc r  0 . 0 8 mv 
0 . 1 Vo l ts /d i v  
0 . 1 s e c / d i v  
Ga i n = ZO D i ffe ren t i a l J\rnp . 
80 I s o l a t i on �mp . -
! 
• i 
I 
i j 
I ' 
I 
I 
I 
! 1  
\ \  j l  
\ 
L i 9h t  /\da p te rl , B l ue f i l t e r  0 . 0 2 m\· 
D a rk A d n r t c d , l3 l ue f i l te r  0 , 0 8 mv 
..... - . -
---·· ----- -· - -
A/ I PL I TU D E  
32 
3 1  
30 
2 9 
2 8  
2 7  
26 
2 :;  
2 4 
. 2 3 
2 2  
2 1  
20 
( Re l a t i ve Un i ts )  1 9 
1 8  
1 7  
1 6  
1 5  
. - - .. --· -- . ---· · · - . --· - ·----- -- .. -
Age 66 Fe ma 1 e 
O . D : - D i l a ted 
D a r k  
da rk t rough = 1 8  
ARD W I N D EX = 1 .  7 3  
l i gh t  peak = 3 1 . 1 7  
L i gh t  
2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 '.}  20 
M HI UT ES 
ERG 
F . I< .  Age 66 t \a l c  
O . D .  Und i l ated 
L i g h t  A d a p t e d , R e d  f i l te r  0 . 04 rnv 
D a r k  Ada p t e d , Re d f i l t e r  o .  1 2  mv 
0 . 1  V o l t s / d i v  
o . l s e c/ d i v  
G a i n=20 .D i f fe rent i a l Amp 
80 I s o l a t i on Amp 
I 
I 
I 
I 
I 
i 
I 
I .  
1 . · 
! 
! 
L i gh �  Adapted , B l ue f i l te r  0 . 0 3 mv 
Da r k  Ad a p t e d , B l ue f i  l t c r  0� 34  mv 
_ � - F .  K. Age· 66 Ma l e  
· o . D .  O n a.t lcted 
- ARD E� 1;r n EX= 1 • 68 
1 5  j 
1 4  J 
1 3  I 
1 2  J 
1 1  
j AM PL I TU D E ( Re l a t i ve Un i t s )  1 0 
9 j 8 
I 
7 
6 
5 l 
Da rk 
� 
l 2 3 4 ·  5 6 
L i g h t  
I l i g h t  peak= 1 4 . 79 j 
I 
I 
' 
I 
I 
I 
I 
' 
I 
,1 
I 
J 
I � 
1 
d a r k  t rough= 8 . 3 3  
I 
. 
I 
7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  18 1 9  26 
t i  L'� UT E S  
. ,  . .  
M . K.  Age 6 G  Fema l e  
O . D . D i l a te d  
L i gh t  Adapt e d , Red .f i l te r  0 . 0 4 mv 
Da rk  Ad a p t e d , Red f i l t e r  0 . 1 3 mv 
0 • 1 Vo 1 t s Id i v 
O . l  s e c/d i v  
G a i n= 2 0  D i f fe ren t i a l  Amp 
80 I s o l a t i on Amp 
! ' 
l 
! I 1 1  
l I I 
I 
I 1 
j 
! 
l 
\ I  
L i gh t  Ad ap ted , !3 l ue f i l t e r  O . O(i 
Da r k  Ad a p t e d , B l ue f i l t e r  O .  1 1  mv 
· M .  K. Age 66 Fema 1 e 
o .-o . · D i l a ted 
ARD E�  · 1N D EX� 1 .  74 
25 J 
2 4  -! 
2 3 -l 
22  J 
2 1  J 
20 -4 
I �  � 
1 8  
I 7 . 
j AM PL I TU D E 1 6  ( Re l a t i ve Un i t s )  1 5 
1 4  j 
. 1 3 
1 2  -t 
1 1  -4 
1 0  - .4 
/· 
�. 
1 2 3 4 
Da rk  L i gh t  
l i gh t  pea k= 24 . 86 
I 
I 
I 
I 
I 
I 
l 
l 
I 
I 
I 
I 
l 
t 
( 
t 
I 
I 
"' I � I 
I 
dark  t rough= 1 4 . 3 1 I I 
I 
1 
t 
l 
. . I 
I 
5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20  
M I!� UT ES 
A . II .  Age 6 7  Fema l e  
O . S . U n d i l a ted 
L i g h t  Ad ap ted , Red f i l t e r  0 . 0 7 mv 
Da rk Ad a p ted , Red f i l t e r  0 . 2 4 mv 
("' ; ·  r" [_ ,  ., · _ _  \ 
L i g h t  Ad a p t e d , B l u e  f i l t e r  0 . 0 3 mv 
D a r k  Ad a p t e d , G l ue f i l te r  0 . 2 0 mv 
O ,  I V o l t s /d i v  
0 .  1 s e c/d i v  
G a i n= 2 0  D i f fe�en t i a l Amp 
80 I so l a t i on Amp 
--------�-.-..:...� --· - -� 
A. r-t:--Age-6 7  Fema l e  
O . S .  Und i l a ted 
ARD EJ IN D EX= 1 • 70 
_ ,  
P . � I . l\g e  G l  t \ a l e  
O . S. Un d i l a t e d  
L i g h t  A d a p t e d , Re d f i l t e r  0 . 07 
D a rk Adap ted , Red f i l t e r 0 . 1 2  mv 
0 . 0 5 Vo l t s /d i v  
0 , 1 s e c / d i v  
G a i n� 2 0  D i f f e re n t i a l  Amp 
80 I s o l a t i on Amp 
L i g h t  Ada p t ed , B l ue f i l t e r  0 . 06 mv 
' Da r k Adap t e d , B l ue f i l te r  0 , 1 4  mv 
-�·-·-- - - - - · - -- �-·-·-: ·-- - -- -- .. ___ _ ___ __ · -· · -- - ·  
� P. tl .  Age 6 1  Ila l e  
O . S .  U n d i l a t ed 
ARD 2J I :� D EX= 1 , 81+ 
25 :. 
/\: \ Pl I TU D [ 2 �  ( Re l a t i ve Un i t s )  
2 3  
'l ,,  &� 
2 l  
29 
l S  
1 a 
p "f' 
l G 
J ) 
1 4  
1 3  
1 2  
1 1  
1 0  
D a r k  L i gh t  
l i g h t  p e a k= 2 3 . 2 7 
d a r k  t rough= 1 2 . G 3 
2 3 4 5 6 7 8 9 l 0 1 1 l 2 l 3 l l+ l 5 1 6 1 7 1 8 1 9 20 2 1 
M 1 :·1 UT ES 
J • .  � • Age 2 5  M a  1 e 
L i g h t  Ad a p t e d , Re d f i l te r  0 . 06 mv 
D a r k  A d a p t e d , P-ed f i l t e r  0 . 2 9 mv 
O .  l V o l t s /d i v  
0 . 1 s e c / d i v  
G a i n� 2 0  D i f f e re n t i a l  Amp 
80 I s o l a t i on Amp 
L i g h t  /\d a p te d , B l ue f i l t e r  O . OG mv 
J .'l .- Age 25 Ma l e  
O . D .  D i  l a ted 
ARD E'J IN D EX= 1 • 69 -
2 3  
22 
2 1  
20 
1 9  
1 8  
1.7 
AM PL I TU D E 1 6  
( Re l a t i ve Un i t s ) 
1 5  
J ll 
1 3 
1 2 
Dark 
I 
I 
t 
l 
da rk t rough= 1 3 � 25 : 
I 
I 
I 
I Q  ! 
Li g h t  
l i g h t  peak= 22 . 43 
1 1  1 : 
I I I , I I ' I I I \ ' ' j l I i .. l I 
l 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  l 8 1 9  2 0  
tWl UT ES 
A • .  'J ,· Age 79 Fema l e  
• O . D . U n d i l a t e d  
' \ l \  
i I 
.������L�i �gl�1�t�A�d�a�p�t�e�d�,L..:.R�c�d:..___:f�i�l�t�e�r_· �0�.�0�6_m�v_:__� ' L� ��-'=L�i �g�h�t�A�d�a�p�t�. e�d�· 'L.-.:U�lwu�e'--'f�i�l�t�e�r��0�·�0�3-�m�v�� 
·' ··r ·. 
�\��!·t.� 
= .  �:<· 
. 
D a r k  Ad a p t e d ,  P-ed f i l t e r  O .  1 6  mv 
0 . 1  V o l t s / d i v  
O .  l s e c / d i v  
G a i n = 20  D i f fe ren t i a l  Amp 
80 I so l a t i on Amp 
� 
' '," 
D ark Ad apt e d , B l ue f i l te r  O . l G  mv 
-- - . --· --- --- ·-·
·
-·-··  -· - T'"" -·· .. -
- -� � A .:I . Age 79 Fema l e  
O .  D .  Und i 1 ated  
- . ARD  El . N D EX= 1 . 5 7  
I 
2 1  
20 
1 9  
At \ PL I TU D  E 1 8  
- ( Re l a t i ve Un i t s )  1 7  
I .. 
1 6  
1 5  
1 4  
1 3  
1 2  
1 1  
1 0  
D a rk L i gh t  
l i g h t  peak= 2 0 . 4 6 
d a r k  t rough • 1 3 . 02 
.-. :·. t 
2 l 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 0  
I t  U UT ES 
V . '� • Age 2 7 Ma 1 e 
O . D .  Un d i l a t e d  
L i gh t  Ada p te d , R e d  f i l t e r  0 , 0 8 mv 
D a r k  Ad a p te d , ked f i l t e r  0 . 2 3 mv 
0 . 1 V o l t s /d i v  
O .  1 s e c /d i v 
G a i n=20 D i f f e ren t i a l  Amp 
80 I s o l a t i on Amp 
L i g h t  Ad a p te d , B l ue f i l te r  0 . 1 4  mv 
D a r k  Ada p t e d , G l ue f i l t e r  0 . 2 5 mv 
-·· ..... . _. ___ ..._ ·- -
--- -�- V .·� • - Age 2 7  Ma 1 e 
-�: -- o . D .  D il a ted 
-- - - ARD E� l:r n EX = 2 .  74 
;\M PL I TU D E  
( Re l a t i ve Un i t s )  
2 4  
22 -
2 0  
1 8  
1 6  
1 4  
1 2  
1 0  
8 
6 
4 
2 
.. 
Da rk 
� -
t -
I 
I 
I 
l 
I 
r 
I 
I 
I 
I 
I I 
I 
L i g h t  
da rk t rough= i 8 . 8 1  
I 
I 
, 
f 
I 
I 
I 
I 
l i g h t  peak= 2 3 . 3 3  
2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3 1 4  1 5  1 6  1 7  1 8  t 9 2 0  2 1  
M IN UT ES 
' �-
B . R .  Age 77  Fema l e  
O . D .  Und i l a te d  
' L i gh t  Adap t e d , R e d  f i l t e r  0 . 04 mv 
Da rk Adap t e d , Red f i l te r  0 . 1 8  mv 
0 . 1 Vo l t s /d i v  
0 . 1 s ec/d i v  
G a i n= 20 D i f fe ren t i a l Amp 
i< ') l � r l  . .., t: i n n l\ r.in 
rnr. 
L i g h t  Adapte d ,  B l ue f i l te r  0 . 0 3 mv 
\ 
l l 
\ 
I i 
. I 
D a r k  A d a p t e d , B l ue f i l te r  O .  1 6  mv 
-- - -- ·- . -------------
- - B . R .  Age 77 Fema l e  
O . D .  Und i l a ted 
ARD E'f I.'-' D EX= 1 .  5 2  
2 2  
20 
AM PL I T U D E  1 8  
( Re l a t i ve Un i t s )  
1 6  
1 4  
1 2  
1 0  
8 
6 
4 
2 
l 
D a r k · 
2 3 11 5 6 - -
. L i g h t  
I l i g h t  pe a k - 2 1 . 0 4 
I 
I 
I 
I 
I 
I 
I 
I 
i 
da rk t roug h== l 3 . ,6 
I 
I 
I 
I 
l 
I 
I 
I 
I 
I 
I 
I 
7 8 9 1 0  1 1  1 .2 1 3 1 4  1 5 1 6  1 7  1 8  1 9  20  2 1  22  
M U  UT ES 
P . S .  Age 30 M a l e  
O . D .  D i. l a te d  
L i g h t  Adapted , Red f i l t e r  0 . 06 mv 
D a r k  Ad a p t e d � Red f i l t e r  0 . 1 6  mv 
0 . 1 V o l t s / d i v  
0 .  1 s e c / d i v  
Ga i n = 2 0  D i f f e r en t i a l Amp 
80 I s o l a t i on Amp 
[• : ('  1 \ 1.l 
l i g h t  Ad ap t e d , B l ue f i l te r  0 . 05 mv 
D a r k  Ada p t e d , B l ue f l  l te r  0 . 1 6  mv 
----- - -- -· -
P.
s .- ·Age- 30 Ma l e 
. O . D .  D i l a t e d  
·
· ARD E·l l,'J D EX= l • 89 
1 9 . 
l 8  
1 7  
1 6  
1 5  
1 4  
1 3 
1 2  
1 1  
Ai'-\PL I TU D E  
( Re l  a t  i ve Un i t-s )  1 0  
9 
8 
7 
6 
5 
4 
3 
2 
... - •. 
I 
l i g ht pea k= 1 8 . 5  
Da r k ·  L i g h t  
da rk t rough= 9 . 8 1 
2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  l 9 2 0  
II  I :� U T  ES 
. - - ....-
M . S . Age 77 Fema l e  
0 .  D .  D i  1 a ted 
L i g h t  Ad a p t e d , Red f i l te r  O . OJ mv 
D a rk Ada p t e d , Red f i l te r  0 . 2 3 mv 
0 . 5  Vo l t s /d i v  
O .  1 s e c/d i v  
G a i n= 2 0  D i f f e re n t i a l  Amp 
30 I s o l a t i on Amp 
L i g h t  A d a p t e d , B l ue f i l te r  O , OG mv 
D a r k  A d a p t e d , B l ue f i l t e r  0 . 2 3 mv 
- _-:=-� - · - '- · -- - M . S . · Age 7 7  Fema l e 
·- · - O .  D .  D i  l a t ed 
___ _ _ _ - ���·-_- ARD E� I:� D EX:;; l . 70 . 
2 8  
2 7  
26 
2 5  
2 4  
2 3 _ 
. NI PL I TU D E  2 2 -
( Re l a t i ve Un i t s )  
2 1  
2 0 
1 9  
1 8  
1 7  j 1 6  1 5  
1 4  I 
1 3 -I 
1 2  ...j 
1 1 1 
l 0 -f 
· · - � l i g h t  peak=29 . 44 
D a r k  L i g h t  
� 
d a r k  t ro u g h= l ? . 2 7 I 
I 
I . 
I 
I 
I 
I 
I 
I 
I 
l 
I 2 3 11 5 6 7 8 9 1 O 1 1  1 2  1 3  1 4  t 5 1 G 1 7  1 8  1 9  2 0  
M f·J UT ES 
D . S .  Age 2 8  Ma l e  
0 .  D .  D i  l a t e d  
L i g h t  Ada p t e d , R e d  f i l t e r  0 . 1 6  mv 
D a rk Ad apt e d , Red f i l t e r  0 .24 mv 
O .  I Vo l t s /d i v  
0 . 1 s ec/d i v  
G a i n=20 D i ffe re n t i a l  Amp 
80 I s o l a t i on Amp 
L i gh t  Adapt e d ,  B l ue fi lter 0 lli 11 , 
Dark Adapted, Bluo fi lter 0;21 mv 
- · ·· -
..,.--
· - ··-:--·- ·--- -t·-·-· 
- · --· D . S . - /\ge 2 8  Ma l e  
O . D . - D i l a ted 
- ARD E� _ IN  D EX;::; J . 0 8 
M PL I TU D E  
( Re l a t i ve U n i t s )  
32 
3 0  
2 8  
26 
2 4  
2 2  
2 0  
1 8  
1 6  
1 4  
1 2  
1 0  
3 
5 
' 
Da rk L i g h t  
l i g h t  peak= 32 . 9  
da r k  t rough;::; 1 0 . 6 7 
2 } 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4 1 5  1 6  1 7  1 8  1 9  2 0  
M l i l UT ES 
F . W .  Age G G  Fema l e  
O . D . D i l <ited 
L i g h t  Ad a p ted , Red f i l te r  O . O G mv 
En ': , ,  ' 
. Dark Adapted ,  Red fi l ter 0.09 mv 
O .  1 Vo l t s /d i v  
0 , 1 s e c/d i v  
G a i n= 2 0  D i f f e re n t i a l  Amp 
80 l s o i a t i on Amp 
' 
I i 
I � 
i i  
! ! 
· '  o l ! !  
I '  
! I 
I 
, I  
L i g h t  Ad a p t ed , B l ue f i l te r  0 . 06 mv 
Dark.. f\dap.te.d, BJ 11e f i J ter o, nB m'.IL. 
F . W. Age 66 Fema l e  
O . D .  D i l a ted 
ARD E� IN D EX:;: l  . 87 
33  
1 
- Dark  L i gh t  l i gh t  peak= 32 . 75 
-
32 I 
r 
3 1  j I I 30 l 
l 
29  j I I 2 8  I AM PL I TU D  E l (Re l a t i ve Un i t s )  I I 
26 J I 
I 
2.5 J I 
I 
24 i I 2 3  I 
I 
22  I I 
I 
2 1  j I 
I 
2 0  
1 9  
1 8  
1 7  
dark t rough= 1 7 . 5  
1 6  
1 5  
L I I ' I I I I I I ( I I I I I I I I I 
2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  J l1 1 5  1 6  1 7  1 3  1 9  2 0  
M ltl UT ES 
\ 
I 
I , 
I 
I 
" 
·' 
, .  
P . W • .  Age 72 Fema l e  
O . D . U n d i l a ted  
L i gh t  Ad apte d ,  Red f i l te r  0 . 0 4 mv 
O . l  'Jo l t s /d i v  
O . l s e c/d i v  
Dark Adap�ed, Bed fi lter 0.35 mv 
0 . 2  Vo l t s /d i v  
0 . 1 sec/d i v  
Ga l n=20 D i f fe ren t i a l  Amp 
, 80 I s o  la t l on Amp 
L i gh t  Adarted , B l ue f i l te r  O . O l  rnv 
Da r k  Adapted , B l ue f i l te r  0 . 38 mv 
?. \.J . - Age 72 Fema l e  
O . D .  Und i l a ted 
A R D EI IN  D EX= '. )2 �: 1 6  
1 6  I 
1 5  J 
1 4  j 
Al1 PL I TUD  E 
(Re l at i ve Un i ts )  1 3 
1 2  I 
1 l . J 
1 0  � 
9 -l 
8 -I 
7 1 
6 -l 
� -l _, 
Da r k  I L i g h t  1 i g h t  peak= 1 5 . 7  
I 
I 
I 
I 
l 
I 
l 
I 
I 
I 
'\. I 
I 
� � 
I 
""'" I I 
I 
' '  I 
j 
d a rk t rough= 7 � 6G l 
I . 
I 
I 
I 
l 
I 
1 2 3 4 s 6 7 s 9 t o  1 1  i 2 1 3 ·1 4 f�Y6-i7 1 e -!'9 ___ fo 
M I.� UT :::s . 
B . \J ,  f\gc 76 M a l e  
O . D .  U n d i l a te d  
L i gh t  Ad a p ted , Re d f i l te r  0 , 0 7 m v  
D a r k  Ad a p t e d , R e d  f i l te r  
0 . 1 Vo l t s /d i v  
0 ,  l s e c/ d i v 
G a i n = 2 0  D i f fe re n t i a l  Amp 
80 I s o l a t i on Amp 
0 .  1 4  mv 
[ 
I 
: 1 
J I  
' I  
I 
:.rm:; 
L i g h t  Ad a p t e d , B l ue f i l t e r  0 . 1 2  mv 
D a r k  Adap ted , B l ue f i l t e r  0 . 09 mv 
. . '· ' . i �. · ·' · . . .... .. ., . � ... .. 
- . -....••ir, -4-\"1'"�  
-·--- _,..._. - ·-�------...;....- ----- --
-�- --; -�-- -
B .  w:r Age- 76 Ma 1 e 
O . S .  Un d il a ted 
1 1  
J O  
9 
8 
7 
6 ·  
AM PL I TUD  E 
( Re l a t i ve Un i t s )  5 
4 
3 
2 
D a r k  
da rk t rough= 5 . 8  
I I 
I I 
l 
I 
I 
I 
I 
I 
I 
I '  
I 
l 
I 
l 
I 
I 
ARD EJ I:� D EX = I  • 62 
L i g h t  
l i g h t  peak= 9 . 3 8 
2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  I 6 1 7  I 8 1 9  20 
M l :I UT ES 
R . Z .  Age 2 5  Ma l e  
O . D .  U n d i  l o t c d  
. 
L i g h t  Ada p t e d , Red f i l te r  0 . 1 2  mv 
0 . 1 Vo l t s /d i v  
0 .  1 sec/d i v  
Dark t Ad ap ted , Red f i l te r  0 . 3 1 mv 
0 . 5  V o l t s /d i v  
0 . 1 s ec/d i v  
Ga i n= 2 0  D i f fe ren t i a l  Amp 
80 I s o l a t i on Amp 
rn : :  
:.. 
L i gh t  Ada p t e d , B l ue f i l te r  0 . 1 8  mv 
Da rk Ad a p ted , B l ue f i l t e r  0 . 2 8  mv 
-· -- - - - · - · R . z :  Age 25 Ma 1 e 
_ O , D .  Und i l a tcd 
ARD E� Ii� D EX= l .  65 
1 4  
1 3  
1 2  
AM PL I TU D E l 1 
( Re l a t i ve Un i t s )  
1 0  
9 
8 
7 
G 
5 
4 
3 I 
2 
Dark  
I ' 
L i gh t  
l i g h t  peak= 1 3 . 0 7 
da rk  t rough= 7 . 93 
2 3 11 5 6 7 8 9 1 0 l l l 2 f 3 l 4 1 5 1 6  1 7 l 8 I 9 2 0 2 l 
M U  UT ES 
